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ABSTRACT 
The synthesis of polyfunctional dibenzofurans via 
the Diels-Alder addition of olefinic dienophiles to 2-
vinylbenzofurans has been investigated further. The 
reaction of N-phenylmaleimide with 2-vinylbenzofuran, 2-
isopropenylbenzofuran and 2-(a-phenylvinyl)benzofuran 
( iv ) 
gave N-phenyl-l,2,3,9b-tetrahydrodibenzofuran-l,2-dicarbox-
imide (60), N-phenyl-4-methyl-l,2,3,9b -tetrahydrodibenzo-
furan-l,2-dicarboximide (56) and N-phenyl-4-phenyl-l,2,3, 9b-
tetrahydrodibenzofuran-l,2-dicarboximide (63) respectively. 
The autoxidation of each of the l,2,3,9b-tetrahydro-
dibenzofurans (60), (56) and (63) proceeded by initial 
abstraction of the 9b-hydrogen to give a mixture of two 
stereoisomeric hydroperoxides, cis- and trans-N-phenyl-
4-hydroperoxy-1,2,3,4-tetrahydrodibenzofuran-l,2-dicarbox-
imide (61) and (62), cis- and trans-N-phenyl-4-hydroperoxy-
4-methyl-1,2,3,4-tetrahydrodibenzofuran-l,2 -dicarboximide 
(59) and (58), and cis- and trans-N-phenyl-4-hydroperoxy-
4-phenyl-1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboximide 
(66) and (67) respectively. This reaction was shown to 
be a ground state process and resulted in the rearrangement 
of the l,2,3,9b-tetrahydrodibenzofuransto the thermodynamic-
ally more stable 1,2,3,4-tetrahydrodibenzofuran moieties. 
The introduction of a 3-substituent into the l,2,3,9b-
tetrahydrodibenzofuran nucleus did not affect the autoxid-
ation process. 
The reaction of N-phenylmaleimide with 2-(3'-benzo-
furanyl)but-l-ene (74) gave N-phenyl-l-ethyl-2,3,4,4a-tetra-
hydrodibenzofuran-3,4-dicarboximide (78). Autoxidation of the 
(v ) 
2,3,4,4a-tetrahydrodibenzofuran (78) also proceeded with 
rearrangement to give a 1,2,3,4-tetrahydrodibenzofuran and 
resulted in the isolation of cis-N-phenyl-l-ethyl-l-hydro-
peroxy-1,2,3,4-tetrahydrodibenzofuran -l,2-dicarboximide 
(79). 
However the autoxidation of 4-methyl-l,2,3,9b-tetra-
hydrodibenzofuran-l,2-dicarboxylic acid anhydride (80) 
proceeded by an alternative route and gave a novel peroxy-
lactone, 6-methyl-3-oxo-3,3a,4,5 -tetrahydrobenzofuro[2,3-h]-
l,2-benzodioxole-4-carboxylic acid (84), in addition to the 
fully aromatic species, 4-methyldibenzofuran-1,2-dicarboxylic 
acid anhydride (92). 
Some reactions of cis- and trans-N-phenyl-4-hydro-
peroxy-4-methyl-1,2,3,4-tetrahydrodibenzofuran-l,2 -dicarb-
oximide (59) and (58) have been investigated. These hydro-
peroxides decomposed in chloroform solution, via N-phenyl-
4-methyl-l,2-dihydrodibenzofuran-1,2 -dicarboximide (104), 
to the fully aromatic dibenzofuran (105). Catalytic reduc-
tion of the hydroperoxides (59) and (58) gave the corres-
ponding and trans -4-hydro xy-1,2,3,4-tetrahydrodibenzo-
furans (107) and (108) while further reaction resulted in 
hydrogenolysis and the production of cis-N-phenyl-4-methyl-
1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboximide (57A). 
The reaction of (58) and (59) with p-toluenesulphonic acid 
1n chloroform resulted in cleavage of the heterocyclic ring 
to give N-phenyl-6-ethoxy-2-(2'-hydroxyphenyl)-6-methyl-
cyclohex-2 -enone -3,4-dicarboximide (llOB). 
A projecte d synthesis of two hexahydrodibenzofuranoid 
metabolites of the plant Cannabis sativa, cannabielsoic 
acids A (115) a nd B (116), utilising the Diels-Alder approach 
I 
I 
I 
i 
(viJ 
to the dibenzofuran system was examined. In a model 
reaction the attempted introduction of a 4-hydroxy group, 
via diborane/hydrogen peroxide hydroxylation of the 4 ,4;1 
double bond, did not succeed. An unsucce ssful attempt 
was also made to synthesise 4a,9b-dehydrocannabielsoic 
acids A (129) and B (130) utilising the above autoxidation 
route to introduce the 4-hydroxy group. 
I 
CHAPTER I 
INTRODUCTION 
I 
INTRODUCTION 
(a) Synthesis of Tetrahydrodibenzofurans. 
(i) Reduction of Dibenzofuran. 
Until 1970 known synthetic routes to polyfunctional 
tetrahydrodibenzofurans were limited. Not surprisingly, 
all the early routes to hydrodibenzofurans involved 
various reductive methods. The best known derivative 
was 1,2,3,4-tetrahydrodibenzofuran (1), first prepared 
by Honigschmid1 by the reduction of dibenzofuran with 
1 
7 3 
0 
5 
(1) 
sodium in ethanol. The compound (1) has also been prepared 
by the reduction of dibenzofuran with sodium and cyclohex-
anol.2 
Von Braun 3 prepared a so-called "hexahydrodibenzo-
furan" by the catalytic hydrogenation of 2,2'-dihydroxy-
biphenyl. However, it has since been demonstrated that 
the picrate of this product was identical with the picrate 
of 1,2,3,4-tetrahydrodibenzofuran (1). 5 Furthermore, the 
nitration and acetylation products of this "hexahydrodi-
benzofuran" were found to be identical with the products 
obtained from similar reactions with 1,2,3,4-tetrahydrodi-
benzofuran (1) and hence it seems likely that von Braun 
had also prepared (1). This conclusion was supported by 
the work of Jones and Lindsey 6 who reported the isolation 
1 
of (1) 1n 23% yield from the catalytic reduction of 2 , 2'-
dihydroxybiphenyl. These workers also reported an 8 90 yield 
of a mixture of perhy<lro- and hexahydro<lihcnzofurans from 
this reaction. 
Catalytic hydrogenation of dibenzofuran itself has 
also been shown to result in the formation of 1,2,3,4-tctra-
-hydrodibenzofuran (1). Thus Cullinane anJ Padfield 1 
reported the preparation of (1) in 97% yield from the 
catalytic reduction of dibenzofuran over platinum black 1n 
glacial acetic acid whereas reduction of dibenzofuran over 
Raney nickel 1n ethanol at 200°/200 atmospheres gave only 
50% recovery of dibenzofuran and a 36% yield of hexahydro-
dibenzofuran.6 The treatment of phenol with 260-680 atmos-
pheres of hydrogen at 460° for 3 hours was also reported to 
give small amounts of (1) and dibenzofuran. 8 
(ii) Ebel Synthesis. 
The first total synthesis of 1,2,3,4-tetrahydrodi-
benzofuran (1) was that of Ebel 4 and this route has been 
6 9-14 
used extensively by other workers. ' Basically this 
route involved the reaction of the sodium salt of a phenol 
with an a-halogenocyclohexanone to give a phenoxycyclohexan -
one (2). Subsequent treatment of (2) with polyphosphor ic 
acid and/or phosphorous pentoxide gave the 1,2,3,4-tetr&-
hydrodibenzofuran (3). 
R R 
PPA 
0 
0 
( 2) ( 3) 
1 
L. 
(iii) Fischer-Indole Type Synthesis. 
1,2,3,4-Tetrahydrodibenzofurans have also been pre-
db F . h I d 1 · 15-17 . pare ya isc er-no e type synthesis. This proced-
ure involved the synthesis of 0-aryloximes (4) by the 
reaction of an alkali metal salt of an oxime with a suitably 
activated aryl halide. The reaction of (4) with acid 
resulted in the formation of substituted 1,2,3,4-tetrahydro-
dibenzofurans e.g. 
HCl 
(4) 
However this method only gave satisfactory results when 
there was an electron withdrawing group on the aromatic 
nucleus. 
(iv) Michael Addition Methods. 
1,2,3,4-Tetrahydrodibenzofurans have also been 
synthesised via enamines, utilising the reaction of 1-
morpholinocyclohexene (9) with p-benzoquinones. Thus 
Domschke 29 obtained the hexahydrodibenzofuran (10) which 
on treatment with oxalic acid gave the 1,2,3,4-tetrahydro-
dibenzofuran (11) while several groups of Russian workers 30 , 31 
H 
• 
(9) 
morpholino 
( 10) (11) 
have also isolated 1,2,3,4-tetrahydrodibenzofurans via 
a similar route, e.g. 
(9) .. .. 
rnorpho 1 ino 
Birch and coworkers 32 have isolated 3-oxo-tetrahydro-
dibenzofurans from the reaction of the adduct (12) of sub-
stituted 1,3-cyclohexadienes .and p-benzoquinones with 
acid, e. g. 
• 
( 12) 
(v) Annelation of Benzofurans. 
Friedel-Crafts cyclisation of the appropriately Z-
and 3-substituted benzofurans (5) 18 , 19 and (6) 20 gave the 
corresponding 1- and 4-oxo-1,2,3,4-tetrahydrodibenzofurans 
(7) and (8). 
S6Cl 2 
( 5) ( 7) 
Ac 2o, AcOH 
znc1 2 
(6) (8) 
4 
2-0xo-1,2,3,4-tetrahydrodibenzofurans are also 
accessible via the base-catalysed ring closure of appropri-
ately 2-substituted-3-benzofuranones, 21 - 28 e.g. 
CH 
CHp COCH3 
(cHJ
2
COCH3 
OH 
OH 
24 
CHp 
25 
1,2,3,4-Tetrahydrodibenzofurans have also been 
isolated from the oxidative coupling of o-dihydroxybenzene 
with cyclohexa-l,3-dione 33 and as a byproduct of the 
1enitzescu indole synthesis. 34 
However, none of the above mentioned routes can be 
readily adapted for the production of tetrahydrodibenzo-
furans substituted in the reduced ring. 
The earliest report of the Diels-Alder addition of 
a ~-vinylbenzofuran and an olefinic dienophile involved the 
reaction of maleic anhydride with the natural product 
0up0rin (1.3). 35 The structure of the adduct, formulate 
( 13) (14) ( 15) 
5 
b 
as the l,2,3,9b-tetrahydrodibenzofuran (14), ~as not con-
firmed by the original workers and Dean 36 has since sugge sted 
that the initial adduct could well have rearranged under the 
reaction conditions to give the 1,2,3,4-tetrahydrodibenzo-
furan (15). Such behaviour would parallel the observed 
rearrangement of the styrene/maleic anhydride adduct (16) 
to give (17).37 
(16) ( 1 7) 
However, euparin and the corresponding maleic 
anhydride adduct have since been resynthesised and a 
comparison of the ultraviolet and p.m.r. spectra of the 
adduct with other l,2,3,9b-tetrahydrodibenzofurans has 
confirmed that the original structure (14) was correct. 38 
In fact the cycloaddition of olefinic dienophiles 
and substituted 2-vinylbenzofurans has been used to synthes-
ise a variety of l,2,3,9b-tetrahydrodibenzofurans including 
(18)-(22)~8,39,57 
(18) (19) 
(21) ( 2 2) 
0 
( 2 0) 
CQiCH3 
--..-C02CH3 
CH3 
This thesis describes extensions of this synthetic 
procedure as well as methods for the interconversion of 
l,2,3,9b-tetrahydro - and 1,2,3,4-tetrahydrodibenzofurans. 
(b) Reactions of Tetrahydrodibenzofurans 
7 
The study of the reactions of tetrahydrodibenzofurans 
has been limited to an investigation of the properties of 
the parent compound, 1,2,3,4-tetrahydrodibenzofuran (1). 
(i) Hydrogenation 
The addition of one mole of hydrogen to (1) by 
catalytic hydrogenation was reported by ·Ebel 4 to give a 
"hexahydrodibenzofuran" identical with that prepared by 
von Braun 3 by catalytic reduction of 2,2'-dihydroxybiphenyl. 
However, as mentioned in the preceding section, Gilman and 
co-workers 5 have cast doubts on the authenticity of this 
hexahydrodibenzofuran. 
More recently Jones and Lindsey 6 have re-examined 
the catalytic hydrogenation of (1). When (1) was hydrogen-
ated over platinum and the reaction arrested after the 
absorption of one mole of hydrogen, a product which gave 
a correct analysis for hexahydrodibenzofuran was obtained. 
However, the ultraviolet spectrum of this product indicated 
that it was a mixture of 75% unchanged (1) and 25% perhydro-
dibenzofuran. Eventually these workers obtained l,2,3,4,-
4a,9b-hexahydrodi benzofuran in 36% yield by partial 
hydrogenation of dibenzofuran itself. 
(ii) Electrophilic Substitution Reactions. 
Ebel 4 nitr ated 1,2,3,4-tetrahydrodibenzofuran and 
assumed that the product was 8-nitro-1,2,3,4-tetrahydro-
dibenzofuran. Von Braun nitrated his "hexahydrodibenzofur an" 
and assumed that the product was 8-nitro-"hexahydrodibenzo-
: 
i 
I 
I 
I 
[uran". llowevcr, Gilman and co-workers 5 founJ that nitr a ti o11 
of (1) gave 7-nitro-1,2,3,4-tetrahydrodibenzofuran, 
identical with von Braun's product. This group also found 
that sulphonation and Friedel-Crafts acylation of (1) also 
proceeded in the 7-position and that metallation occurred 
in the 6-position. 
Fujiwara and co-workers 12 have found that formylation 
of 6,9-dimethyl-1,2,3,4-tetrahydrodibenzofuran with phosph-
oryl chloride and N-methylformanilide gave the 7-formyl 
product (23) while formylation with stannic chloride and 
dichloromethyl butyl ether gave 80% of the 7-formyl product 
(23) and 20% of the 8-formyl isomer (24). 
C 2 3) (24) 
(iii) Dehydrogenation and Oxidation Reactions. 
Virtually all the workers in this field have dehydro-
genated 1,2,3,4-tetrahydrodibenzofurans to dibenzofurans. 
The most widely used method has been to heat the neat 
1,2,3,4-tetrahydrodibenzofuran at elevated temperatures 
(200°- 300°) with palladium on charcoal. Elemental sulphur 
or ~elenium at sin1ilar temperatures have also been used to 
effect this reaction. Dehydrogenation has also been 
~1 c h i. c \ · E' d b y t he u s e o f 2 , 3 - d i c h 1 o r o - 5 , 6 - d i c ya no - 1 , 4 -
l . 14 )e n:::oquinonc. 
As expected, 1,2,3,4-tetrahydrodibenzofuran 1s very 
susceptible to oxidation by a variety of reagents. A 
summary of the other known reactions of 1,2,3,4-tetrahydro-
9 
dibenzofuran is shown 1n Scheme 1. 
@co(cH21co2H 
OH ~ dibenzofuran + (1) ( 2 8) 
Cr0 3 
( 2 7) ~ 
or o3 
(I) seo 2 .. (29) 1)/ + dibenzofuran 
(25) Br2 NBS 2) K2co3,t::. 
or Bz 2o2 
Br 
dibenzofuran 
(26) (30) 
SCHEME 1 
The reaction of (1) with N-bromosuccinimide and 
benzoyl peroxide 6 , 18 or with bromine 5 has been shown to 
give dibenzofuran itself. By the treatment of (1) with 
one mole of N-bromosuccinimide followed by reflux with 
· b · d. w· · d k 40 potassium car onate 1n 1oxan 1ntern1tz an co-wor ers 
have obtained 3,4-dihydrodibenzofuran (25) and l-bromo-
1,2,3,4-tetrahydrodibenzofuran (26). 
0 "d . f (1) . h h . . "d 3,6,18 xi ation o wit c romium triox1 e or 
with ozone 4 gave o-hydroxybenzoylvaleric acid (28), but 
the 4a,9b-epoxide (27) could be isolated when (1) was 
treated with chromium trioxide under mild conditions 40 . 
10 
This epoxide was subsequently converted to o-hydroxyben zoyl-
valeric acid (28) when refluxed with sodium hydroxide. 
Although Chatterjea18 reported that treatment of (1) 
with selenium dioxide followed by distillation gave a 
mixture of dibenzofuran and recovered starting material 
Winternitz and co-workers 40 isolated dibenzofuran and 
another volatile fraction from the reaction. After hydroly-
sis in refluxing sodium hydroxide the latter component gave 
a mixture of both isomers of 4-hydroxy-1,2,3,4-tetrahydro-
dibenzofuran (29). The latter group also found that per-
benzoic acid reacted with (1) to give the 4a,9b-dihydroxy 
compound (30). 
(c) Autoxidation of Tetrahydrodibenzofurans. 
The preliminary observation that a l,2,3,9b-tetra-
hydrodibenzofuran underwent rapid autoxidation was 
accidentai. 41 During the examination of the p.m.r. spectrum 
of the euparin/maleic anhydride adduct (14) it was noted 
that exposure_ of a solution of (14) in deuterochloroform 
to the atmosphere for 24 hours resulted in the formation 
of the fully aromatic dibenzofuran (31). 
(14) 
(31) 
Furthermore, in a separate investigation, satisfactory 
elemental analysis could not be obtained for the l,2,3, 9b-
tetrahydrodibenzofurans (21) and (22) prepared by the 
addition of dimethyl fumarate to 2-(S-methoxy)vinylbenzo-
fura11. Both samples exhibited significant M+32 peaks in 
(21) ( 2 2) 
the low resolution mass spectra. 39 
This combination of evidence seemed to indicate 
that l,2,3,9b-tetrahydrodibenzofurans may be very suscept-
ible to autoxidation and that a peroxide could well be 
formed. This thesis describes an investigation of the 
details and mechanism of this process and some synthetic 
applications of the autoxidation reactions. 
Plausible Routes for the Aromatisation of l,2,3,9b-tetra-
hydrodibenzofurans. 
(i) The Autoxidation Process. 
The phenomenon of autoxidation has been extensively 
investigated over the last 25 years and several excellent 
h b . ·1 bl 42 - 44 . 11 11 texts on t e su Ject are avai a e. Virtua ya 
classes of organic compounds are subject to autoxidation 
and the mechanism is thought to proceed as follows: 
initiation~--• 2X (where X is any radical) 
. 
X (or XO 2 ) + RH 
R + o2 
" 
• R0 2H + R 
• R0 2R (or ROH or C=O) 
Initiation has been achieved thermally, photolyt i c-
~1 11 y and by me ta 1 ion and bas e ca ta 1 y s i s . Ev i den c e ex i s ts 
' d. · f · h · 1· 45 1or a irect reaction o oxygen wit t train. 
1,2,3,4-Tetrahydrocarbazole (32), an isoelectronic 
11 
analogue of the tetrahydrodibenzofurans, was known to be 
very susceptible to autoxidation and this has been shown 
to result in the formation of the 9b-hydroperoxy compound 
(33) . 46 , 47 This process involved the intermediacy of 
(32) ( 33) 
C=C-N radical as evidenced by the fact that N-alkyltetra-
h d b 1 d d .d . 47 y rocar azo es o not un ergo autox1 at1on. Such a 
process was not possible with l,2,3,9b-tetrahydrodibenzo-
furans because of the normal divalency of oxygen. 
The autoxida tion of 1, 2, 3, 9b-tetrahydrodibenzofurans 
would be expected to involve the oxidation of an allylic 
carbon atom, with the possibility of associated allylic 
rearrangement. Abstraction of a hydrogen atom could occur 
from either the 9b (tertiary) or 3 (secondary) position. 
It has been observed that in systems where formation of 
two such allylic radicals was possible, e.g. 1,3,5-tri-
methylcyclohexene (34) and 3,3'-bicyclohexene (35) 48 
(34) (35) 
1 2 
that tertiary abstraction was favoured over secondary. The 
reverse situation, observed in systems such as 4-vinylcyclo-
hexene,49 has been attributed to an increase in the energy 
of the transition state due to a loss of rotational freedom 
of the vinyl group involved 1n the formation of a planar 
allylic radical by tertiary abstraction. An inspection of 
models of the l,2, 3,9b-tetrahydrodibenzo furans revealed 
13 
that the 4,4a and 9b carbon atoms are already planar and 
this, coupled with the fact that abstraction from the 9b 
position would produce a radical which is both benzylic and 
allylic, suggested that the radical (36) would be formed. 
Oxygen insertion could then occur in either position 4 or 9b 
+H· +H· 
C 3 8) C 36) C 3 7) 
of the radical (36) and ultimately hydrogen abstraction by 
these radicals could give either or both of the isomeric 
hydroperoxides (37) and (38). 
The relative amounts of (37) and (38) formed would 
be expected to be dependent on the relative thermodynamic 
stabilities of these isomers. For instance the products 
obtained from the autoxidation of 1-hexene were found to 
be derivatives of 2-hexene, 50 and the linoleates give a 
mixture of C9 and Cl3 hydroperoxides where the double bonds 
. h h d . . . 51 1n t e molecule ave move into conJugat1on. Similarly 
autoxidation of the isomeric ketones (39) and (40) has been 
found to yield only the tertiary hydroperoxide (41) where 
the double bond (39) has moved into conjugation with the 
52 carbonyl group. 
MeCOCHzCH=CMe z 
C 39) 
--> MeCOCH=CHCMezOzH < 
(41) 
MeCOCH=CHCHMez 
C 4 o) 
1 4 
The situation is further complicated by the fact th at 
some allylic hydroperoxides have been found to undergo 
. . . . h f 53 1somer1sat1on 1n t e presence of ree radicals. Brill 
found that autoxidation of E-4-methyl-2-pentene gave a 
separab le mixture of E-2-methyl-3-pentenyl-2-hydroperoxide 
(42) and its allylic isomer (43). Isomerisation of either 
(42) or (43) to an equilibrium mixture containing approxim-
ately equal quantities of both occurred at 40° with the 
Me2CCH=CHMe 
I 
Me2C=CHCHMe 
I 
0 2H o2H 
( 4 2) ( 4 3) 
neat hydroperoxides or 1n dilute carbon tetrachloride or 
cyclohexane solution, with negligible decomposition of the 
hydroperoxides. 
Similarly, Schenk and co-workers 54 found that 3B-
hydroxycholest-6-en-5a-ylhydroperoxide (44) was isomerised 
to 3S-hydroxycholest-5-en-7a-ylhydroperoxide (45) in the 
(44) 
presence of peroxides. 
H 
( 4 5) 
55 Furthermore, Ohloff has reported 
~1n analogous isomerisation of the tertiary hydroperoxide 
l46) to the secondary hydroperoxides (4 7) and (48) at 
room temperature. 
It would seem inadvisable on this evidence to 
predict the initial position of oxygen attack on the 
radical (36) and thence to predict the structure of the 
( 4 6) ( 4 7) ( 4 8) 
ultimate hydroperoxide. If thermodynamic stability is the 
controlling factor however, the hydroperoxide (37) contain-
ing a binuclear aromatic moiety would appear to be the 
product of choice. 
(ii) Aromatisation: The Decomposition of Hydroperoxides. 
The decomposition of hydroperoxides in chloroform 
solution may occur by several processes: a) acid catalysed 
heterolysis caused by traces of acid in the solvent, 
b) radical homolysis or by a mixture of both. 
In acid catalysed heterolysis reactions, protonation 
of the hydroperoxide may occur at either oxygen atom of the 
hydroperoxide, i.e. 
+ 
R-0-0H 
H 
R-0-0H 2 
+ 
' 
R 
The actual site of protonation has a complex dependence on 
aci<l concentration and solvent. The work of Turner 56 seems 
to suggest that treatment of hydroperoxides with concentr-
ated acid leads to protonation on the hydroxylic oxygen 
atom followed by elimination of water and rearrangement of 
the transient oxonium ion, while treatment with less 
concentrated acid leads to protonation at the ether oxygen 
atom followed by elimination of hydrogen peroxide and 
1 5 
formation of a carbonium ion, i.e. 
-H 20 
----+• ~H~COCH3 
+BuOOH 
Thus the following would seem to be a reasonable 
mechanism for the overall aromatisation of l,2,3,9b-tetra-
hydrodibenzofurans in aerated chloroform solution. 
C 36) C 4 9) 
(51) 
(SO) 
-H + 
R1 
( 5 3) ( 5 2) 
Oxygen insertion into the radical (36) followed by 
subsequent formation and protonation on the ether oxygen 
l b 
1 7 
atom of the possible hydroperoxides (37) and (38) would 
yield the protonated species (49) and/or (50). Loss of 
hydrogen peroxide from both (49) and (50) would give the 
carbonium ion (51). Abstraction of a proton from (51) 
(e.g. by Cl ) would then yield the dihydrodibenzofuran 
(52) and subsequent oxidation of this species by hydrogen 
peroxide or air would give the fully aromatic dibenzofuran 
(53). The alternative mode of protonation of the hydro-
peroxides (37) and (38) would not be expected in the 
presence of such a "dilute" acid. 
The availability of a number of routes for the 
homolysis of hydroperoxides has made this a complex phenom-
enon and generally more interest has been shown in the 
kinetics of the reaction rather than in the actual decomp-
osition products. Hydroperoxides exhibit four general types 
of hemolytic reaction 
Unimolecular homolysis R0 2H Ro· + ·oH hv 
Assisted homolysis RO. + [AOH] . 
Radical abstraction RO 2H + R' . 
. 
R0 2 + R'H 
Displacement on 0-0 ROR' + ·oH 
ROH/ 
z ".... R ' OH + RO . 
The decomposition of many hydroperoxides has been 
found to proceed by a combination of t~o or more of the 
above routes, and the kinetics and products of the reaction s 
Gre dependent on a number of factors. The homolysis of 
hydroperoxides can be assisted by trace metal ions, compound ~ 
containing most of the common organic functional groups or 
by another molecule of hydroperoxide. Thus the kinetics 
of the thermal decomposition oft-butyl hydroperoxide 74 
and a-cumyl hydroperoxide 75 indicated a combination of 
unimolecular homolysis and radical induced decomposition. 
t-Butyl hydroperoxide gave an almost quantitative yield 
of t-butanol and oxygen while cumyl hydroperoxide gave 
cumyl alcohol, dicumyl peroxide, acetophenone and oxygen. 
Decompositions initiated by radical sources have 
been shown to proceed r1a a chain reaction, i.e. 
initiation 
RO. ( 0 r X • ) + RO zH 
2RO" + o2 2Ro· ~ 2 
~ROzR + Oz 
X. ( or RO.) 
------•• ROH+ R0 2 
1 8 
Thus it would seem reasonable to expect the homolysis 
of both possible hydroperoxides (37) and (38) to give the 
alcohols (54) and (55) respectively. Subsequent dehydration 
of (54) and (55) would give the 1,2-dihydrodibenzofuran (52) 
(54) ( 5 5) 
(the . . isomeric 2,3-dihydrodibenzofuran could also result 
from the dehydration of (55)). Oxidation of (52) by 
oxygen would give the fully aromatic dibenzofuran (53) 
thus resulting in overall aromatisation of the original 
l,2,3,9b-tetrahydrodibenzofuran. 
CHAPTER II 
SY THESIS AND AUTOXIDATION 
SYNTIIESIS Ai D AUTOXIDATIO~ 
(i) Autoxidation of l,2,3,9b-tetrahydro<l ibenzofuran-l, 2-
dicarboximides 
19 
The first l,2,3,9b-tetrahydrodibenzofuran synthesised 
v,· as N - p hen y 1 - 4 - met h y 1 - 1 , 2 , 3 , 9 b - t e t rah yd r o di be n z o fur an - 1 , 2 -
<licarboximide (56), obtained from the reaction of 2-isopro-
N-phenylmaleimide. 
0 
+ 
MeO 
(56) (57 A) (57B) 
That the initial adduct had the structure (56) rather than 
the isomeric 1,2,3,4-tetrahydrodibenzofuran structure (57A) 
or (57B) was indicated by a comparison of their respective 
p.m.r. and ultraviolet spectra. The initial adduct 
assigned th e structure (56) exhibited \ max 226 nm (E = 
16,700), 284 (2600), 291 (2400) and the methyl signal was 
sp l it by 2.8 Hz and 1.2 Hz couplings to the 9b and 3 proton s 
respectively. The ultraviolet spectrum of (56) was consis-
tent with that [Amax 233 nm (E = 9770), 284 (2300)] exhibited 
by 4,9b-dimethyl-l,l,2,2-tetracyano-l,2,3,9b-tetrahydro di-
benzofuran (19). 57 
Treatment of (56) with sodium methoxide in refluxing 
methonol or hydrochloric acid 1n refluxing ethanol resulte~ 
jn the formation of a mixture of the stereoisomeric ll-
[lhenyl-4-methyl-1,2,3,4-tetrahydrodibenzofuran-l,2-dicarb-
oximitles (57A) and (57B). This mixture exhibited a 7.0 ~z 
coupling of the methyl protons with the vicinal 4-proto11s 
20 
and had >-max 251 nm (s = 11,500), 277 (3600), 284 (3200 ) . 
The ultraviolet spectrum was consistent with that [>- max 
251 nm (£ = 10100), 277 (3200), 284 (2600)] exhibited by 
1,2,3,4-tetrahydrodibenzofuran (1). 15 
In addition a small quantity of a compound which 
liberated iodine from acidic potassium iodide solution was 
isolated from the reaction of 2-isopropenylbenzofuran and 
N-phenylmaleimide. The infra-red spectrum of this material 
indicated the presence of an -OH group (3330 cm- 1), although 
this was not detected in the p.m.r. spectrum. The mass 
spectrum confirmed that one mole of oxygen had combined 
with (56) and high resolution mass spectrometry indicated 
the composition of this product to be c21 I-I 17o5N. The 
ultraviolet spectrum of this hydroperoxide exhibited >-max 
251 nm (s = 8900), 276 (3100), 284 (2700). The wavelength 
of these absorptions was virtually identical with those of 
the 1,2,3,4-tetrahydrodibenzofurans (57A) and (57B) and 
thus indicated the presence of the 1,2,3,4-tetrahydrodibenzo-
furan chromophore. From this data, and a consideration of 
the data extracted from the p.m.r. spectrum (presented in 
section ( v)), the compound was assigned the structure (58 ) , 
H02 
(58) (59) 
trans -N-phenyl-4-hydroperoxy-4-methyl-1,2,3,4-tetrahydro-
dibenzofuran-l,2-dicarboximide. This product was isolated 
by chromatography of the reaction mixture obtained from 
2-isopropenylbenzofuran and N-phenylmaleimide and presumably 
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resulted from exposure of (56) to the atmosphere during 
that operation. 
The treatment of a benzene solution of the l,2,3,9b-
tetrahydro compound (56) with air or oxygen and subsequent 
recrystallisation of the product led to the isolation of a 
second hydroperoxide which was shown to be isomeric with 
(58). This hydroperoxide was assigned the structure (59), 
cis-N-phenyl-4-hydroperoxy-4-methyl-1,2,3,4-tetrahydrodi-
benzofuran-l,2-dicarboximide. 
The combined yield of the hydroperoxides (58) and 
(59) obtained from the autoxidation of the l,2,3,9b-tetra-
hydro species (56) was quantitative, and in subsequent 
experiments the isomeric hydroperoxides (58) and (59) ~ere 
isolated chromatographically in average yields of 33% and 
64% respectively. The exclusion of light from this autox-
idation reaction did not inhibit the reaction nor did the 
relative yields of the isomers alter significantly. This 
is indicative of normal radical oxidation rather than 
oxidation by singlet oxygen. 58 Variations in the p.m.r. 
spectra of these two stereoisomers was used in the alloc-
ation of their stereochemistry and is discussed in section 
(V). 
The 1,2,3,4-tetrahydrodibenzofurans (57A) and (57B) 
did not undergo autoxidation under these conditions. 
This lack of reactivity has a parallel in the behaviour of 
N-substi tuted 1,2,3,4-tetrahydrocarbazoles which, as 
mentioned previously, do not undergo autoxidation. 
Further the gross structure of the products (58) 
and (5 9) indicated that the contributing structure (A) 
probably predominated in the intermediate resonance 
stabilised rJdical, ultimately leading to the ther modynam-
jcally more stable products (58) and (59) wit h an intact 
(A) (B) 
) ') 
benzofuranoid moiety. In an effort to enhance the cont r ib -
ution of the alternative canonical structure (B) of such 
a resonance stabilised radical the corresponding l,2,3,9b-
tetrahydrodibenzofuran without the 4-methyl group was 
synthesised. 
The Diels-Alder reaction of 2-vinylbenzofuran and 
,:-phenylmaleimide gave N-phenyl-l,2,3,9b-tetrahydrodib enzo-
furan-l,2-dicarboximide (60), the gross structure of whi c h 
was confirmed by a combination of spectro s copic and 
analytical data. Autoxidation of a benzene solution of this 
• + 
( 6 0) (61) ( 6 2) 
tetrL1hydrodibenzofuran gave the isomeric hydro pero xides, 
c L, s - 1 -phenyl -4 - hydroperoxy-1, 2, 3, 4- tetrahydro dibe n zo f ur an 
( 61) L52i) and the corresponding tran s-iso mer (62) (42%) . 
The s tr u c t u re s o f the s e two p r o du c t s f o 11 o ,,, e d from t he i r 
respc ·-tive spectro s copic properties in a similar ma nn e r t o 
the c o r re s pon d in g 4 - met h y 1 an a 1 o g u e s de s c r i bed p re \' i o us 1 y . 
Thu · here again a 4-hydroperoxy-l,2,3,4-tetrahydro d i benzo-
fur~1n \\ ~ ~ formed, despite the fact that this proce ss 
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involved the intermediacy of a secondary radical. 
The reaction of 2-(a-phenylvinyl)benzofuran with N-
phenylmaleimide gave N-phenyl-4-phenyl-l,2,3,9b-tetrahydro-
<libenzofuran-l,2-dicarboximide (63). When the liqui d 2-(a-
phenylvinyl)benzofuran was allowed to stand at room temper-
ature, a solid dimer was obtained. This dimer was assigned 
2 '-benzofuranyl 
(63) (64) ( 6 5) 
the structure (64), l-(2'-benzofuranyl)-l,4-diphenyl-l ,2,3,9b-
tetrahydrodibenzofuran, on the basis of the spectroscop ic 
properties of this compound. In particular a singlet was 
observed for the 9b-proton in the p.m.r. spectrum. The 
alternative structure of the dimer, that of the 2,2-
disubstituted tetrahydrodibenzofuran (65), would be expected 
to exhibit an observable coupling of the 1-protons with the 
9b-proton. Obviously 2-(a-phenylvinyl)benzofuran can act 
both as diene and dienophile and hence dimerise via a 
Diels-Alder addition. The more usual mode of dimerisation 
of 2-v inylbenzofurans, that of "-ene addition1159 which 
occurs for instance in the case of euparin, 60 was prevented 
here by the absence of allylic protons. 
Autoxidation of the l,2,3,9b-tetrahydro species (63) 
again gave rise to two stereoisomeric hydroperoxides, cis-
N-phenyl-4-hydroperoxy-4-phenyl-1,2,3,4-tetrahydrodibenzo-
furan-1,2-dicarboximide (66) (48%) and the correspond ing 
t 1,,ans-isomer (67) (48%). Again the ultraviolet spectra 
of the cis-isomer (66) [Amax 253 nm(£= 13000), 277 (4400), 
(66) ( 6 7) 
284 (3700)] and the trans-isomer (67) [A 250 nm (E -max -
11900), 276 (3900), 283 (3400)] indicated the presence of 
the 1,2,3,4-tetrahydrodibenzofuran chromophore and the 
stereochemistry of the isomers was assigned on the basis 
of the respective p.m.r. spectra. This result was further 
confirmation that altering the 4-substituent of a l,2,3,9b-
tetrahydrodibenzofuran had no effect on the site of perox-
idation. 
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It also became apparent that the introduction of a 
3-substituent into the l,2,3,9b-tetrahydrodibenzofuran 
system had little effect on this autoxidation. The reaction 
of 2-acetylbenzofuran with carbomethoxymethylenetriphenyl -
phosphorane61 gave a mixture of methyl Z- and E-3-(2'-
benzofuranyl)crotonate (68) and (69). When the E-isomer 
(69) was reacted with N-phenylmaleimide, the expected 
(69) (70) 
l,2,3,9b-tetrahydrodibenzofuran (70) was not isolated. 
Instead, cis-N-phenyl-3-carbomethoxy-4-hydroperoxy-4-
methyl-1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboxirnide (71) 
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was obtained. The ultraviolet spectrum of (71) indicat e<l th e 
DDQ 
(71) ( 7 2) 
presence of the 1,2,3,4-tetrahydrodibenzofuran chromophore 
and the stereocl1emistry was assigned from the p.m.r. spec-
trum. Treatment of (71) with 2,3-dichloro-5,6-dicyano-l,4-
benzoquinone gave N-phenyl-3-carbomethoxy-4-methyldibenzo-
furan-1,2-dicarhoximide (72). 
(ii) Autoxidation of a 2,3,4,4a-Tetrahydrodibenzofuran 
In order to examine the autoxidation of the 2,3,4,4a-
tetrahy<lrodibenzofurans, N-phenyl-l-ethyl-2,3,4,4a-tetra -
hydrodibenzofuran-3,4-dicarboximide (78) was synthesised 
from 3-propionylbenzofuran. 62 When 3-propionylbenzofuran 
(73) was reacted with methylenetriphenylphosphorane the yield 
of 2-(3'-benzofuranyl)but-l-ene (74) was very low, presumably 
due to the facile ring opening of 3-acylbenzofurans under 
1 b . d. . 63 t ese as1c con 1t1ons. For example it has been demon-
strated that 3-propionylbenzofuran (73) and 2-ethyl-3-
formylbenzofuran (75) react readily with sodium hydroxi de, 
via nucleophilic substitution in the 2-position, to give 
the B-diketo derivative (76), which subsequently decarbonyl-
l 7 3) 
+ OH 
(76) ( 7 7) 
l75) 
63 
ated to give ethyl (2'-hydroxybenzyl)ketone (77) . 
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The reaction of the butene (74) with N-phenylmaleimide 
gave the expected 2,3,4,4a-tetrahydrodibenzofuran (78). 
Autoxidation of (78) proceeded very slowly and ultimately 
(78) (79) 
only one hydroperoxide, ais-N-phenyl-l-ethyl-l-hydroperoxy-
1,2,3,4-tetrahydrodibenzofuran-3,4-dicarboximide (79) (22%) 
was isolated. The ultraviolet spectrum again indicated the 
presence of the 1,2,3,4-tetrahydrodibenzofuran chromophore 
and the stereochemistry was assigned from the p.m.r. 
spectrum. 
The hydroperoxide (79) has resulted, as expected, 
by the initial abstraction of a hydrogen radical from the 
4a position to give an allylic radical, the extreme 
canonical forms of which are (C) and (D). The formation 
(C) (D) 
of the hydroperoxide (79), derived from the radical (C) with 
an intact benzofuranoid moiety, was consistent with the 
hehaviour of the l,2,3,9b-tetrahydrodibenzofurans discussed 
previously. 
(iii) Autoxidation of l,2,3,9b-Tetrahydrodibenzofuran-l ,2-
dicarboxylic acid anhydrides 
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The reaction of 2-isopropenylbenzofuran, 2-vinylbenzo-
furan and 2-(a-phenylvinyl)benzofuran with maleic anhydr ide 
g~ve the corresponding l,2,3,9b-tetrahydrodibenzofuran-l,2-
dicarboxylic acid anhydrides (80), (81) and (82) respectivel y . 
(80) (81) (82) 
The autoxidation of the 4-methyl-l,2,3,9b-tetrahydro compound 
(80) led to the isolation of an unexpected product, which 
exhibited the following p.m.r. spectrum: 6 3.19 (lH, s), 
2.97 (lH, dd, J = 2.0 and 5.8 Hz), 2.56 (lH, dd, J = 15.5 
and 2.0 Hz), 2.22 (lH, dd, J = 15.5 and 5.8 Hz) as well as 
4 aromatic protons and a methyl singlet. The presence of 
the singlet at 6 3.19 did not seem compatible with the 
structure of the expected hydroperoxide (83). 
H~ 
(83) 
0 
~lass spectrometry confirmed that this compound ha d 
the expected empirical formula c15H12o6 , but the appeara nce 
of absorption bands in the infrared spectrum at 2400-34 00 
cm- 1 , 1715 cm-land 1805 cm-l suggested the presence of a 
carboxylic acid group and another carbonyl function in thi s 
mo l ec ule. Furthermore the ultraviolet spectrum inc.Jicatc<l 
the presence of a l,2,3,9b-tetrahydroJibenzofuran moiety 
ather than the 1,2,3,4-tetrahydro structure. Treatment 
o f tl1is compound with ethereal diazomethane produced a 
methyl e s ter (85). On the basis of this evidence t he 
compound was formulated as 6-methyl-3-oxo -3 ,3a,4,5-tetra-
hydrobenzofuro[2,3-h]-l,2-benzodioxole-4-carboxylic acic 
(84) . The carbonyl absorption at 1805 crn-l in the infra-
(84) 
red spec t rum was completely consistent with that of other 
known five membered peroxylactones, e.g. 
0 0 ¢6 (Ht{Y J (HF)2 cf 0 HC 0 3 (CHi 
1810 
-1 64 -1 65 
1790 
-1 67 
cm 1800 cm 
-1 66 cm 
1750 cm 
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The absence of a coupling con s t a nt between protons l 
(o 3 . 19) anJ 2 (o 2.97) was indicative of a dihedral angle 
:1pproa chin g 90° between these two protons. 68 Inspection of 
moJc ls revealed that this situation would occur only when 
the ~ter ochemi~try a t Cl of the peroxylactone (84) was the 
1 • e ,_ r ~; e o f t h C' s t e r e o c hem i s t r y a t C 1 o f t h e 1 , 2 , 3 , 9 b - t e t r a -
hydrodihenzofuran (80 ), i.e. there was a 1 , 2-trans arrange-
1Pe n t in (84) . 
/\ mechanism which would account for the formation 
of the peroxylactone (84) and explain the inversion of 
stereochemistry at Cl was not obvious, but the process 
could be rationalised as follows (Scheme 2). 
0 
• 
X 
+ XH 
(86) 
t 
(87) O-c=o 
• 
I 
CO2 0 +H· 
.. 
.. I .. (84) 
(89) (90) 
SCHEME 2 
2 ~ 
Abstraction of the 9b-hydrogen atom proceeded normally to 
give the allylic radical (86) and was followed by oxygen 
insertion in the 9b-position to give the oxy-radical species 
(87). Intramolecular abstraction of the 1-hydrogen atom 
of this species would give rise to the radical (88). 
Planarity at Cl is achieved by subsequent ring opening of 
the acid anhydride to give the ketene/carboxyl radical 
species (89). Rapid reaction of the ketene with the hydro-
peroxy group would give the carboxy radical (90) and sub-
sequent abstraction of a hydrogen atom by this species 
would give the isolated peroxylactone (84). 
That this product was a peroxylactone derived fro m 
the expected hydroperoxide (83), for example (91), was 
precluded by the ultraviolet and infrared spectra. 
Most probably the peroxylactone (84) was not the 
only primary product obtained on autoxidation of the 
l,2,3,9b-tetrahydro compound (80). Although none of the 
expected 4-hydroperoxide (83) could be isolated from the 
reaction, the fully aromatic dibenzofuran (92) was. 
(91) (92) 
Isolation of this compound was indicative of the intermed-
1acy of (83). 
(iv) Mechanism of autoxidation 
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All the products isolated from the autoxidation of 
l,2,3,9b-tetrahydrodibenzofurans . indicated that the reaction 
proceeded via the resonance stabilised allylic radical ( 36). 
or 
(36) 
Whetl1er subsequent oxygen insertion then occurred 1n the 
4 or 9h-position was uncertain. 
The facile isomerisation of the l,2,3,9b-tetrahydro -
dibenzofuran (56) to the corresponding 1,2,3,4-tetrahydr o 
isomers (57A) and (S7B) on treatment with acid or base 
3 1 
in<licatcd that the latter was the thermodyna rr ic a ll y more 
s t ab 1 e s t r u c tu re . Thus the f o rm a t ion o f t he 4 - h y d r op c r o x i J e :--
(58), (S9), (61), (62), (66) and (67) from the N-phen y l -
l,2, 3,9b-tetrahydrodibenzofuran-l,2-dicarboximides ( 56 ), 
( 6 0 ) and ( 6 3 ) s e em e d to ind i ca t e th a t the auto x id at ion iv a s 
subject to thermodynamic control and may be consi s tent ,vith 
initial oxygen insertion in the 4-position. 
llowever, as noted previously, hydroperoxides are 
.known to isomerise in the presence of radicals and the 
isolation of the peroxylactone (84) seemed to indicate 
that initial oxygen insertion may well occur in the 9b-
position. In the case of the N-phenyl-l,2,3,9b-tetrahydro-
dibenzofuran-l,2-dicarboximides (56), (60) and (63 ) sub-
sequent thermal rearrangement may have been occurring t o 
give the 4-hydroperoxides. In the case of the l,2,3,9b-
tetrahydrodibenzofuran-l,2-dicarboxylic acid anhydride ( 80), 
the intermediate 9b-peroxy radical was trapped as the 
peroxylactone (84) by intramolecular H-abstraction and sub-
sequent acylation of the hydroperoxide. The fact that t he 
autoxidations of the l,2,3,9b-tetrahydro acid anhydride (80 ) 
could only be carried out at lower concentrations than here 
those of the l,2,3,9b-tetrahydro-l,2-dicarboximides ( 56; , 
(60) and (63) may explain why no similar intramolecular 
ll-ahstraction reactions were detected 1n the latter c ases . 
(v) Stercochemistry of hydroperoxides 
The gross structure of the c i s- and t r ans -hydrop e r -
oxi ic ~ (59 ) and (58), (61) and (62), (66) and ( 67) obta ::. n ed 
fro111 the autoxi<lation of the corresponding l,2,3,9b-tet ra-
hydrodibenzofurans (56), (60) and (64) has been est ab li shed 
previously. Whether the autoxidation occurre d v ia ir. i t a l 
o x )' g c n in s e rt i on in the 4 - po s i t i on o f t he re s on an c e s ta b i 1 j s c 1..l 
radical (36) or initial insertion in the 9b-position of 
the radical (36) followed by migration to the 4-position, 
the formation of two stereoisomeric hydroperoxides from 
each l,2,3,9b-tetrahydrodibenzofuran would be expected. 
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The assignment of stereochemistry to these hydroperoxides 
has been based on their respective p.m.r. spectra, relevant 
details of which are shown in Table 1. 
One maJor trend was immediately apparent from the 
p.m.r. spectra. The 2,3a (low field) and 2,3b (high field) 
proton coupling constants exhibited by hydroperoxides (59), 
(61) and (66) were similar, as were J 23a and J 23b exhibited 
by hydroperoxides (58), (62) and (67). This was indicative 
not only of a difference in stereochemistry between the 
two sets of hydroperoxides but also seemed to indicate that 
each set had a different preferred conformation. 
Projections of the two conformational extremes of 
the component cyclohexene rings of the possible cis- and 
trans -hydroperoxides are shown below. 
trans 
C'Z,.S 
(G) 
The vicinal proton 
(H) 
H 
eq 
Hax 
Hydroperoxide 1 
cis 4-Me (59) 4.58 
cis 4-H (61) 4.58 
cis 4-~ (66) 4.71 
trans 4-Me (58) 4.58 
trans 4-H (62) 4.59 
trans 4-~ (67) 4.70 
TABLE 1 
* Proton chemical shift 
2 3a 3b 
3.71 3.03 2.15 
3.72 3. 19 2.24 
3.75 3.08 2.57 
3.79 2.84 2.23 
3. 71 2.86 2.37 
3.91 3.10 2.85 
* 
4 
5.27 
5.29 
Jl2 
8.8 
8.6 
8.8 
8.3 
8.0 
8.3 
* Coupling constants 
J23a J23b J3a3b J3a4 
2. 2 7. 0 15.0 
2. 0 7.3 15.2 2.0 
2.9 7.0 14.9 
6.0 11.0 14.2 
. 
6.0 11.0 14.4 4.0 
6.8 7. 2 13.2 
From spectra recorded in d 6-acetone. 
J3b4 
3.6 
4.0 
I 
<lihedral ang l e, are identical jn conformers (r) and (II) 
and conformers (I:) and (G). 
The s tereochemistry of cyclohexene jtself has been 
1"horougltly revi ewe<l and this molecule has been found to 
exist in the half chair conformation. 
were found to be coplanar, and the axial a llylic C-H anJ 
homoallylic C-H bonds were found to be displaced from t he 
76,77 
vertical by 23° and 11° respectively. However the stereo-
chemistry of substituted cyclohexenes has not been as 
thoroughly investigated as that of s ubstituted cyclohexanes. 
(a) cis- and trans-N-Phenyl-4-hydroperoxy-4-methyl-1,2,3,4-
tetrahydrodibenzofuran-l,2-dicarboxirnide (59) and (58). 
From an inspection of Dreiding models of the 
conformers of the trans-isomer, conformer (E) would be 
expected to be destabilised, with respect to conformer (F), 
by a 1,3-diaxial interaction of the (pseudo)axial H-methyl 
group with the R-phenylmaleimide ring. The 2,3 vicinal 
proton angles measured from models were ~175° and ~ 55°, 
and seemed compatible with the observed set of coupling 
con s tants of 11.1 and 6.0 Hz. 
Models o f conformers (E) and (G) exhibited 2,3 protou 
angles of ~5 0° and ~70° which seeme d compatible with the 
other observe<l set of coupling constants, 7 . 0 and 2. 2 Hz. 
IIO\\'cver, as mentioned above, a large 1, 3-diaxial interaction 
wou]J be expect ed to preclude the existence of conformer ([) 
to ~i large extent. Al though a similar interaction could be 
cx11 c L tcd between t he axial hydroperoxy group and N-phenyl-
11al cimiJe ring in conformer (E), this destabilisation may 
h L' ' f rs E:' t by t he po s s i b i 1 i t y o f hydro gen bond f o r ma t i o n 
h c t \d' c n t he hydro p e r ox y group and the c a r b on y .l fun ct i o n o f 
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the N-phenylmaleimide ring. Unfortunately the insolubil i t y 
c f both isomers (59) and (58), ancl hydroperoxides (61), ( 62 ), 
(66) and (67) thwarted attempts to obtain solution infrared 
spectra to test this hypothesis. 
Since it appeared highly unlikely that conformer s ( F) 
and (H), with similar 2,3 proton dihedral angles, could give 
rise to such a large difference between the two observed 
sets of coupling constants, the isomer exhibiting J 23 a = 
6.0 tlz and J 23b = 11.1 Hz was assigned the trans configur-
ation; that exhibiting J 23 a = 2.2 Hz and J 23 b = 7.0 Hz was 
assigned the cis configuration. 
Attempts at using the Karplus equation 3 to relate 
the observed coupling constants to the ~ihedral angles 
measured from models did not yield self consistent J
0 
.., 8 
values, 1 and similarly, computation of angles using a set 
J
0 
value and the observed coupling constants showed poor 
agreement with the angles measured from models. This was 
not surprising since at best the Karplus equation68 is 
approximate and the models may be a poor representation of 
the actual geometry of the molecule under consideration. 
Vicinal coupling constants have also been shown to depend 
on the type of substituent attached to the C-C fragment 
under consideration and the angular relationship of these 
substituents with the protons involved in the coupling 
constants. 79 
(b) c i s- and trans-N-Phenyl-4-hydroperoxy-4-phenyl-1,2,3,4-
tetrahydrodibenzofuran-l,2-dicarboximide (66) and (67). 
The observed sets of 2,3 coupling constants for 
these isomers were 2.9 and 7.0 Hz, and 6.8 and 7.2 Hz. By 
analogy with the 4-methyl hydroperoxides (58) and (59) the 
isomer exhibiting the former set of coupling constants was 
assigned the cis - stereochemistry and that possessing the 
latter was assigned the trans-configuration. The reason 
.3 5 
for the discrepancy between J 23a and J 23b exhibited by the 
trans-isomer above and J 23a and J 23b (6.0 and 11.0 Hz) 
exhibited by the trans-4-methyl and trans-4-H hydroperoxides 
(58) and (62) was not immediately apparent, but was presum-
ably due to a distortion of the molecule by the bulky 4-
phenyl substituent. The introduction of more than one 
bulky substituent into a cyclohexane ring has been shown 
to cause a preference for the twist form or a lowering of 
the chai./twist form energy difference in compounds such 
as cis-4-t-butyl-l-phenylcyclohexane 80 and cis-4-t-butyl-
l-phenylcyclohexane.81 However, why the 4-phenyl group 
should distort the J 23a and J 23b values of only one isomer 
of this compound remained unresolved. 
(c) cis- and trans-N-Phenyl-4-hydroperoxy-1,2,3,4-tetrahydro-
dibenzofuran-l,2-dicarboximide (61) and (62). 
The two sets of coupling constants observed for the 
isomers of this compound, 2.0 and 7.3 Hz, and 6.0 and 11.0 
Hz were consistent with those observed for the 4-methyl and 
4-phenyl hydroperoxides, and the isomer exhibiting the 
former set was assigned the cis configuration; the isomer 
exhibiting the latter was assigned the trans configuration. 
In this case however the lack of a bulky 4-substituent may 
have been expected to lead to different conformational 
preferences. The assigned stereochemistry placed the hydro-
peroxy groups of both (61) and (62) in the (pseudo) axi al 
position instead of the (pseudo) equatorial positions 
expected from cyclohexane stereochemistry. 
In a study of l-phenyl-6-substituted cyclohexenes 
Carhisch 82 found that many grouµs on the (-6 positi o n \.\'C l e 
confined largely to axial conformations. Thus in G-nitro-
J-phenylcyclohexene, 6-t-butyl-1-phenylcyclohexene and 
1,6-uiphenylcyclohexene the preferred conformation o[ the 
6-substi tuent was found to be axial, though apparently 
inE'xplicably the preferred conformation of the acetyl group 
in 6-acetyl-1-phenylcyclohexene was found to be equatorial. 
Known as the A1 ' 2 or E3 effect, this was postulated to be 
caused by a greater steric interaction between the more 
nearly planar 1- and 6eq.-substituents than the 1- and 6ax-
s u b s t it u en ts . I Io we v er this e ff e ct was found to be opera ti v e 
only in systems i~:here no other major steric interactions 
were present, and was found to be much less po~erful than 
:1 1,3-dicixial interaction. Thus, the nitro group of 4,4-
dimethyl-6-nitro-l-phenylcyclohexene exhibited a preferred 
equatorial conformation. 
This effect could be used to explain why the hydro-
peroxy groups of both (61) and (62) apparently exist with 
preferred axial conformation, that is it may be due to 
repulsion bet~een the lone pair electrons on both the benzo-
furanoid oxygen and hydroperoxy oxygen atoms. 
That the hydroperoxy groups were in the axial pocit-
1or.s \\·as supported by J 3a, 4 and J 3b, 4 observed for these 
1somers. The c ·i s-isomer (61) exhibited J 3a, 4 = 2.0 Hz, 
J 3b, 4 = 3.6 Hz and the tr1ans-isomer (62) exhibited J 3a, 4 = 
.J 3 b 4 - 4. 0 If:. An inspection of models revealed that for 
' 
the hydroµeroxr groups in the pseudoaxial positions, the 
Li proton bisected the angle subtended by the 3a and ~b 
protons, 1.c. 3a,4 = 3b,4 which would be expected to 
g i , · e r i ~ e 'to co up 1 in g con s tan t s s i mi 1 a r to tho s e ob s e r v c d . 
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\ ' i th the hydroperoxy groups in the pseu<loequa to rial positions, 
the 3a ,4 and 3b ,4 dihedral angles were similar to the 2,3a 
and 2 ,3b dihedral angles of conformer F, i.e. there was a 
t ran s diaxial relationship between the 4 proton and one of 
the 3 protons which would be expected to give rise to a 
coupling constant of the order of 11. 0 Hz. 
(d) cis-N-Phenyl-l-ethyl-l-hydroperoxy-1,2,3,4-tetrahydro -
dibenzofuran-3,4-dicarboximide (79). 
An inspection of models of this compound reveale d 
that the 2a,3 and 2b,3 proton dihedral angles subtended by 
the conformers of this compound were identical with the 
dihedral angles subtended by the 2,3a and 3b protons in the 
conformers of the hydroperoxides (58), (59), (61), (62), 
(66) and (67). This isomer exhibited J 2a 3 = 6.0 Hz and 
J 2b 3 = 2.0 Hz and was thus assigned the cis-configuration. 
(e) cis-N-Phenyl-3-carbomethoxy-4-hydroperoxy-4-methyl-
1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboximide (71). 
Projections of the possible extremes of conformation 
of this compound are shown below. Again conformer (J) would 
be expected to be destabilised, with respect to conformer (K), 
H.H 
,• ,, 
. •' 
Hax 
trans H 
• 
eq 
... 
CO{,~eq copH3 
CH3 
CH.J ax 
ax (ax)HOz e
q 
(J) (K) 
H H H 
H ax c -is H 
CO{,~ eq • .... e
q 
C02CH3 ax 
Oztieq 
(L) (M) 
by the presence of a 1,3-diaxial interaction between the 
4-axial methyl group and the N-phenylmaleimide ring. 
Therefore any trans-hydroperoxide would be expected to 
exhibit, by analogy with the hydroperoxides previousl y 
considered, a J 23 ~ 6.0 Hz, since the introduction of 
the 3-carbomethoxy group eliminated the normal 2,3 axial/ 
axial proton coupling also observed previously with the 
trans-hydroperoxides. The isomer isolated exhibited J 23 = 
1.8 Hz and hence was assigned the cis-configuration. 
(vi) Aromatisation of 4-Hydroperoxy-1,2,3,4-tetrahydrodi-
benzofurans 
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If the thermal decomposition of the isomeric ll-
phenyl-4-hydroperoxy-4-methyl-1,2,3,4-tetrahydrodibenzo-
furan-1,2-dicarboximides (58) and (59) proceeded as was 
depicted in Scheme 1, it should be possible to isolate the 
dthydro intermediate, N-phenyl-4-methyl-1,2-dihydrodibenzo-
furan-l,2-dicarboximide (104) as well as the expected end 
product, N-phenyl-4-methyldibenzofuran-1,2-dicarboximide (105) . 
I 
DDQ 0 
(56) 
( 10 5) 
0 
-MeOH 
• • 
( 102) (104) 
Roth compounds (104) and (105) were synthesised 
independently, as shown above. Oxidation of the l,2,3, 9b-
tetrahydro species ( 56) with 2 ,3 -dichloro-5,6-Jicyano-l,-l -
benzoq uinone gave the fully aromatic compound (105) . 2-
Isopropenyl-3-methoxybenzofuran (102) was obtained via the 
Wittig reaction of 2-acetyl-3-methoxybenzofuran 39 and 
methylenetriphenylphosphorane. 
The Diels-Alder reaction of (102) with N-phenyl-
maleimide would be expected to proceed via the intermed ia te 
9b-methoxy-l,2,3,9b-tetrahydro adduct (103), which on 
heating should undergo a facile 1,4-elimination of methanol 
to give the 1,2-dihydro derivative (104) or a 1,2-elimin-
ation of methanol to give the corresponding 2,3-dihydro-
dibenzofuran. Indeed, the dihydro species (104) was 
obtained in low yield from this reaction, but the major 
product was the bis-adduct (106). This compound obviously 
( 10 6) 
resulted from the addition of N-phenylmaleimide to the 1,2-
dihydro derivative (104). 
The thermal decomposition of the c&s- and trans -
hydroperoxides (59) and (58) was followed by heating a 
sample of each in deuterochloroform in a p .m. r. tube and 
periodically observing the spectra. The appearance of 
sign~1ls ~t cS 2.13 and cS 2 . 78 indicative of the 
p1·csl~nce of the 4-methyl groups of the 1, 2-dihydro species 
Ll04) and the dibenzofuran (105) respectively. 
The tranL -hydroperoxide (58) was shown to decay 
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via tl1e 1,2 - dihydro derivative (104) and eventually was 
converted to the aromatic compound (105). 
IIowever, the cis-hydroperoxide (59) apparently 
decomposed via the trans-hydroperoxide (58). After ~ hour 
at 106° the p.m.r. spectrum of the reaction mixture exhib-
ited two methyl signals at o 1.89 (due to (58)) and o 1.72 
(due to (59)), with no evidence for the dihydro derivative. 
After 1 hour at 106° the signal due to the cis-hydroperoxide 
(59) had virtually disappeared and signals ascribed to the 
trans-hydroperoxide (58), the dihydro compound (104) and 
the aromatic species (105) were present. The reaction then 
proceeded similarly to that observed for the trans-hydro-
peroxide (58). 
The formation of both the dihydro derivative (104) 
and the aromatic species (105) in these decomposition 
reactions was confirmed by heating a mixture of the stereo-
isomers (58) and (59) in a sealed tube for 4 hours and 
chromatographing the product mixture. This procedure led 
to the isolation of both (104) and (105) which were 
identified by comparison with authentic materials. 
(vii) Synthesis and autoxidation of 1-substituted l,2,3,9b-
tetrahydrodibenzofurans 
When 2- isopropenylbenzofuran was reacted with 
acrylic acid, the expected l,2,3,9b-tetrahydrodibenzofuran 
l93) was not obtained. The product obtained was 4-methyl-
(93) (94) 
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1,2,3,4-tetrahydrodibenzofuran-l - carboxylic acid (94), 
the structure of which followed from the ultraviolet and 
p.m.r. spectra. Evidently the presence of acid, either 
acrylic acid or the primary adduct of 2-isopropenylbenzo-
furan and acrylic acid (93) had catalysed the rearrangement 
of the initially formed l,2,3,9b-tetrahydro compound (93). 
When 2-isopropenylbenzofuran was reacted with methyl 
vinyl ketone, the initially formed l,2,3,9b-tetrahydro 
compound (95) was found to be subject to extremely facile 
autoxidation and consequently no serious attempt was made 
to isolate it. 
(95) (96A and B) 
Autoxidation of the crude reaction mixture from the 
reaction of 2-isopropenylbenzofuran and methyl vinyl ketone 
led, after exhaustive thick layer chromatography, to the 
isolation of the isomeric l-acetyl-4-hydroxy-4-methyl-
1,2,3,4-tetrahydrodibenzofurans (96A) and (96B). The 
overall structure of these compounds was indicated by a 
combination of spectral evidence. The isolation of these 
alcohols rather than the expected hydroperoxides was not 
anticipated but was probably due to the acid catalysed 
cleavage of the intermediate hydroperoxides (by Si0 2/H 20). 
When the crude reaction product from the reaction 
of 2-isopropenylbenzofuran and methyl vinyl ketone was 
treated with 2,3-dichloro-5,6-dicyano-l,4-benzoquinone, 
l-acetyl-4-methyldibenzofuran (94) was isolated. This 
( 9 7) (98) 
c onfirmed that the initial l,2,3,9b-tetrahydrodibenzofuran 
(95) was formed in the Diels-Alder reaction and contained 
the acetyl group in the 1-position as expected. 69 1,2-
Dicyano-4-methyldibenzofuran (98) was also isolated from 
this reaction. The infrared spectrum of (98) exhibited 
an absorption band at 2238 cm- 1 , indicative of the presence 
of a C=N group and the p.m.r. spectrum indicated the 
presence of five aromatic protons and a C-methyl group. 
Mass spectrometry confirmed that the empirical formula was 
c15 11 80N 2 and the ultraviolet spectrum was consistent with 
the presence of the dibenzofuranoid chromophore. 
Although the mode of formation of (98) was not clear, 
a mechanism which may explain the formation o f this compound 
is shown below. 2,3-Dichloro-5,6-dicyano -l ,4 -benzoquinone 
DDQ 
• 
(99) 
DDQ 
CFC=CCl 
C9 ) + I (158) 
O=C=CCl 
• 
( 10 0) 
1s known to be a very reactive dienophile 70 so the initial 
s tep co uld well involve Diels-Alder addition to 2-isopro-
penylbenzofuran to give the l,2,3,9b-tetrahydrodibenzoft..ran 
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( 99 ) . Oxidation of (99) by 2,3-dichloro - 5,6 - dicyano -l , 4-
benzoquinone would be expected to give the dihydrodiben zo-
furan (100), which could undergo a retro-Diels-Alder re ac t ion 
to give the product (98) and the diketene species (158 ) . 
In an attempt to clarify the mechanism of this 
reaction, 2-isopropenylbenzofuran was treated with 2,3 -
dichloro-5,6-dicyano-l,4-benzoquinone in benzene. An 
immediate change in colour was observed on mixing the 
reactants and this probably indicated the formation of a 
71 charge-transfer complex. T.l.c. indicated the presence 
of (98) in the reaction mixture after 15 minutes at room 
temperature but no trace of the initial adduct (99) was 
found on chromatography of the reaction mixture. In an 
attempt to trap the postulated diketene species (158), the 
reaction mixture was refluxed in the presence of ethanol. 
llowever no trace was found of the expected product of ( 158 ) 
with alcohol, l,2-dicarbethoxy-1,2-dichloroethane (101). 
(viii) Other Reactions of 4-Hydroperoxy-1,2,3,4-tetrahydro -
dibenzofurans. 
(a) Hydrogenolysis of . ci,s- and trans-N-phenyl-4-hydrope r oxy-
4-methyl-1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboximi de 
(59) and (58) 
As mentioned previously, N-phenyl-4-methyl-l, 2 ,3 ,9b-
tetrahydrodibenzofuran-l,2-dicarboximide (56) was isomerised 
to G mixture of the isomeric 1,2,3,4-tetrahydro compoun ds 
( 57) and (57B) by treatment with acid or base. 
Hydrogenolysis of a mixture of the c i s- and t r an s -
4-methyl hydroperoxides (59) and (58) over Pd/C gave ri se 
to only one isomer of (57). A reduction of the reactio n 
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MeO + ~ 
(56) (57A) (57B) 
time gave a chromatographically separable mixture of tran s-
N-phenyl-4-hydroxy-4-methyl-1,2,3,4-tetrahydrodibenzofuran-
1,2-dicarboximide (108) and the corresponding cis-isomer 
(107) with only a trace of (57). The assignment of stereo-
(107) (108) 
chemistry to these isomers was made in a similar manner to 
that used in the stereochemical assignments of the corres -
ponding hydroperoxides, i.e. the isomer exhibiting 2,3 
coupling constants of 6.8 and 2.6 Hz was assigned the c ~s -
configuration, that exhibiting 2,3 coupling constants o f 
9.6 and 6.2 Hz was assigned the trans-configuration. 
The isomeric alcohols (107) and (108) were also 
obtained from the reaction of the l,2,3,9b-tetrahydro 
species (56) with m-chloroperbenzoic acid, presumably v i a 
the epoxide (109). The large preponderance of the t r ans -
(56) M.C.P.B. 
• (107) and (108) 
( 10 9) 
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alcohol (108) (48%) over the cis-alcohol (10 7) (18 %) was 
consistent with the more hindered approach of the m-c hloro -
perbenzoic acid under the molecule and cis to the N-phenyl -
maleimide ring. 
Thus it seemed likely that the hydrogenol ysis of the 
4-methyl hydroperoxides (58) and (59) proceeded via the 
respective alcohols (107) and (108) to the same i somer 
of the 1,2,3,4-tetrahydro compound (57). That onl y one 
stereoisomer was produced by this procedure was confirmed 
by hydrogenating each of the hydroperoxides (58) and (59) 
separately. A single product was obtained from both reac-
tions as indicated by the superimposable p.m.r. and infra-
red spectra and the lack of depression of the mixed meltin g 
point . Furthermore, hydrogenolysis of the trans alcohol 
(108) gave this same isomer of (57). 
As all these hydrogenolysis reactions produced onl y 
one isomer of (57) it implied that they probably proceed 
through a common intermediate. In a study on benzylic 
alcohols Garbisch and co-workers 72 have found that 
hydrogenolysis may occur with either retention or inversion 
of configuration and that the configuration of the product 
was dependent on the substrate and the catalyst used. 
The stereochemistry of the 1,2,3,4-tetrahydro 
isomer L57A) isolated in the above manner followed from an 
examination of the p . m. r. spectrum. Unfortunately the 
isomer obtained in the hydrogenolysis reactions was the 
isomer which could be selectively crystallised from the 
equilibrium m~xture of isomers obtained by trea tment of 
the l,2,3,9b-tetrahydro compound (56) with acid or base. 
The more soluble isomer of (57) could not be purified 
ll 
adequately and hence the p.m.r. spectrum of th is compound 
could not be analysed in detail. 
46 
Irradiation of proton 1 in the p.m.r. spectrum of 
the pure isomer (57A) gave values for the 2,3 coupling 
constants of 8.1 and 5.8 Hz. Irradiation of the other 
protons did not assist in the elucidation of the coupling 
constants. These high J 2 , 3 values were taken to be 
indicative of the fact that the angles subtended by protons 
2 ,3a and 3b were similar to those found in the trans-4-
hydroperoxides (58), (62) and (67). 
Assuming that the spectrum was essentially first 
order, the width of any proton signal will be the sum of 
the coupling constants of that proton. The measured width 
of H3a was 24.8 Hz and assuming a J 3a, 3b geminal couplin g 
constant of ~14.2 Hz (from the corresponding hydroperoxide s) 
and subtracting both this and either 8.1 Hz or 5.8 Hz from 
the total width, one obtains J 3a 4 coupling constants of 
' 
either 2.5 or 4.8 Hz respectively. The shape of the H3a 
signal was two apparent triplets, and a first order line 
plot of the coupling constants 14.2, 5.8 and 4.8 Hz could 
be expected to give this line shape if the spectrometer 
failed to resolve two sets of two lines separated by ~1 Hz. 
Fixing J 23 a 5.8 Hz and using the observed H3b signal 
width of 29.5 Hz and then subtracting 14.2 and 8.1 Hz, the 
value of 7.2 Hz was obtained for J 3b 4 . This gave 
' 
J 23a = 5.8 Hz, J 3a 4 = 4.8 Hz, J 23 b = 8.1 Hz and J 3b 4 = 
' ' 
7 . 2 Hz. 
Projections of the four possible conformational 
extremes of this molecule are shown below. In the c~s-
isomer, conformer (N) would be preferred on steric grounds. 
H H H 
C1., S Hax 
• Heq 
CH3 CHJax Hax eq 
Heq 
N p 
H eq trans 
H • • 
ax 
Heq 
Q 
By an inspection of Dreiding models of this conformer, the 
H 2 3 bond angles appear to be compatible with the observed 
' 
coupling constants of 5.8 and 8.1 Hz. With the trans-
isomer, conformer (Q) has H2 , 3 bond angles compatible with 
these coupling constants. The H3 4 coupling constants of 
' 
4.8 and 7.2 Hz seemed to indicate that the H3 4 proton 
' 
angles were similar to those of the 2,3 protons. This was 
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indeed the case with conformer (N); in conformer (Q) how-
ever the 4-proton bisects the angle made by the 3a and 3b 
protons and hence would presumably lead to two nearly equal 
coupling constants or at least to coupling constants more 
similar to those observed in the conformationally similar 
t r an s-N-phenyl-4-hydroperoxy-1,2,3,4-tetrahydrodibenzofuran-
l,2-dicarboximide (62). 
Thus the isomer obtained from the hydrogenolysis of 
the isomeric 4-methyl hydroperoxides (58) and (59) was 
postulated to be (57A), cis-N-phenyl-4-methyl-1,2,3,4-
tetrahyclrodibenzofuran-l,2-dicarboximide. 
(b) Th e Reaction of c~s - and trans - N-phenyl-4-hydroperoxy-
4-methyl-1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboximide 
( 59) and (58) with acid. 
The reaction of the and trans-4-methyl hydr o-
peroxides (59) and (58) with traces of acid has been 
discussed previously. 
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When a mixture of the c~s- and trans-4-methyl 
hydroperoxides (59) and (58) were treated with p -toluene-
sulphonic acid a mixture of products resulted. The major 
products were N-phenyl-4-methyldibenzofuran-1,2-dicarboxim-
i de ( 10 5) ( 2 2 % ) and the unexpected compound, N-phenyl - 6 -
ethoxy-2-(2'-hydroxyphenyl)-6-methylcyclohex-2-enone-3, 4-
dicarboximide (llOB) (35%). 
(llOA) (llOB) 
The production of the aromatic species was ration-
alised in a manner identical to the reaction of the hydro -
peroxides (58) and (59) with traces of acid. 
The structure of (110) followed from a consideration 
of the spectral and analytical properties. The molecul ar 
formula for this compound, c23H21 No 5 , followed from the 
mass spectral and micro analytical data. The p .m. r. spectrum 
exhibi ted a high field triplet at o 1.15 (J = 7 .0 Hz) and a 
two proton multiplet centred at o 3.38. Three other protons 
appeared as doublets of doublets with couplin g constant s 
typic~l of the 2,3a and 3b protons of the 1,2,3,4-tetra-
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hydrodibenzofurans at o 2.06 (J = 14.6, 6.3 Hz), 2.44 (J = 
14.6, 10.6 Hz), 3.80 (J = 10.6, 6.3 Hz). The signal 
normally observed for the I-proton was absent and the 
signal normally assigned to the 2-proton (o 3.80) exhibited 
a downfield shift. 
The infrared spectrum indicated the presence of the 
cyclic imide (1760, 1710 cm- 1), hydroxyl groups (3510 cm- 1) 
and another carbonyl group (1673 cm- 1). The ultraviolet 
spectrum indicated extensive conjugation, [Amax 233 nm (E = 
9400), 294(12900), 356(12300)] and on addition of ammonia 
showed a bathochromic shift to Amax 251, 326 and 352 nm. 
The ultraviolet spectrum was similar to that [Amax 222 nm 
(E = 7800), 245 (8300), 258(8700), 282sh(ll000), 289(12600), 
350(24900), 360sh(22900)] exhibited by E-3-carbethoxy-
methylene-6-methoxy-2H-benzofuran (123). 73 
(123) 
This ultraviolet spectral data seemed to indicat e 
the presence of a l,9b-double bond in the dibenzofuran 
nucleus (or a closely related structure) and the p.m.r. 
spectrum together with the observed mass gain of 28 
(+EtOH(46)-H 20(l8)) were indicative of the incorporation 
of one mole of ethanol from the stabilised chloroform 
solvent. 
These conclusions led to the postulation that thi s 
compound was a tautomeric mixture of the 2,3,4,4a - tetra -
hydrodibenzofuran (110A) and its ring opened form ( llOB ) , 
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with the latter predominating. Thus the carbonyl absorption 
at 1673 cm-l was assigned to the ketonic group of (llOB). 
The following mechanism was proposed to account for 
the formation of this tautomeric compound. 
(58) 
(59) 
t 
•t 
H3C 
(111) 
¢ 
CH3 
( 113) 
-H 20 
2) EtOH 
.. I 
CH3 
(112) 
(11 OA) (llOB) 
L~ 
In strong acid protonation.-l°ccurred on the hydroxylic 
oxygen atom of the hydroperoxides (58) and (59) to give the 
protonated species (111). Loss of water followed by "migr-
ation" of the double bond to the transient oxonium ionl then 
proceed to give the carbonium ion (112). Base extraction 
of the I-proton from this carbonium ion would then give 
the epoxide (113) and subsequent acid catalysed ring opening 
of this epoxide with ethanol as nucleophile would give the 
observed product (110). 
.. 
CHAPTER III 
A SYNTHETIC APPROACH TO CANNABIELSOIC ACIDS A AND B 
A SYNTHETIC APPROACH TO CANNABIELSOIC ACIDS A AND B 
(i) Introduction 
Interest 1n the chemical composition of the various 
preparations of Cannabis sativa has been heightened over 
the last decade, due to a recognition of the widespread 
illicit use of this drug in the community. This use 
prompted the appropriate authorities, in particular the 
National Institute of Mental Health of the U.S.A., to make 
a full investigation into a field which had not been 
systematically studied. 
Early research on this topic was hampered by the 
variability of different samples and the instability of 
the chemical components towards light and air. The major 
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h · · 83 b h b f d b Z ' psyc otom1met1c su stance as een oun to e -~ -tetra-
hydrocannabinol (114) (THC), 37 - 9 and this compound has 
since been prepared synthetically. 90 , 91 The activity of 
(114) 
THC has been found to be dependent on the presence of the 
unsubstituted aromatic positions and the free phenolic 
group, the length of the alkyl chain on the aromatic ring 
and the position of the double bond in the semi-saturated 
ring . 92 Numerous natural cannabinoids have since been 
isolated, and a proposed biogenesis of the cannabinoids 
SCHEME 3 
geranyl 
pyrophosphate 
R=H, olivetol 
R=C0 2H, olivetolic 
acid 
R=H, cannabigerol 
R=C0 2H, cannabigerolic 
acid 
Hf\{ 
(oH 
( 
J 
H 
R=H, cannabidiol 
allylic 
R=C02H, cannabidiolic acid 
light, o2 
HO 
cannabielsoic acid A 
1 
R 
H Am 
hydroxycannabigerol 
R=H, 6'THC 
R=COzH, 6'THC acid 
R=H cannabinol 
' 
R=C0 2H, cannabinolic 
acid 
A proposed biogenesis of some cannabinoids 89 . 
I . S I 3 89 1s s 1own 1n c1cme . 
Recently Shani and Mechoulam 93 isolated two hexa-
hydrodibenzofurans from a benzene extract of hashish which 
had been previously extracted with light petroleum to 
remove D.'THC. Chromatography of this extract gave 
cannabielsoic acid A (115) (0.08%) and cannabielsoic acid 
B (116) (0. 04%). The structure of cannabielsoic acid A 
115 (R=H) 
117 (R=CH 3) 
Am 
116 
(115) was based on a combination of spectral and chemical 
data obtained both from (115) and its methyl ester (117). 
The p.m.r. spectrum of (117) indicated the presence of one 
aromatic proton, a terminal methylene group, a vinylic 
methyl group (o 1.83) and a methyl group which could be 
a to an oxygen (o 1.46). Signals at o 4.12 (d, J 4~9b = 
5.2 Hz) and o 3.38 (dd, J 4a 9b = 5.2, J 9b 1 = 9.0 Hz) were 
' ' 
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assigned to the 4a and 9b protons respectively. Two 
hydroxyl groups, one phenolic and one which did not 
acetylate, were present. The formula c23H32 o5 was indicated 
by the mass spectrum. 
On distillation or irradiation, olivetylpinene (ll8) 
was converted to (120). Decarboxylation of cannabielsoic 
acid (115) followed by reduction and dehydration also 
gave (120). 
Photolysis of cannabidiolic acjd (119) in the 
presence of oxygen and reduction of the hydroperoxides thus 
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1) hv, o2 
2) reduction ( 11 5) 
( 119) 1) decarboxylation 
hv or 
distillation 
(118) 
2) reduction 
3) dehydration 
'4 
• I 
• .
• 
( 12 0) 
obtained afforded a synthesis of cannabielsoic acid A (115) 
(17%) and the isomer with the alternative stereochemistry 
1n the 4-position (16%). However, the actual stereochemi stry 
of the 4-substituents 1n cannabielsoic acid A (116) was not 
reported. 
It seemed feasible that the synthesis of both 
cannabielsoic acids A and B could be approached via the 
Wittig and Diels-Alder route using the appropriately 
substituted 2-acetylbenzofurans. 
(ii) The Synthetic Approach 
The reaction of 2-isopropenylbenzofuran and methyl 
vinyl ketone to give the intermediate l,2,3,9b-tetrahydro 
~dduct (95) and the subsequent autoxidation of (95) to 
give the isomeric alcohols (96A) and (96B) has been described 
previously . 
It was proposed to proceed in the following manner. 
Ilydroxylation of the 4,4a double bond of (95) would give 
the required hexahydrodibenzofuran skeleton, and subsequent 
• 
(95) (96A) & (96B) 
transformation of the 1-acetyl group to a 1-isopropenyl 
group could be achieved by the Wittig reaction. 
(95) ---... 
The synthesis of cannabielsoic acids A and B would 
involve the synthesis of the intermediate 2-isopropenyl-
benzofurans (121) and (122) or benzofurans of similar 
Am 
( 121) ( 12 2) 
structure with the acid and phenolic groups protected 
as the corresponding ester and methyl ether functions 
respectively. Further, a logical precursor of the 
dibenzofurans (121) and (122) would seem to be ethy l 
olivetolcarboxylate (134). 
( a) Model Reactions 
The logical reagent for the hydroxylation of the 
4,4a-double bond of (9) appeared to be diborane. 94 
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(95) 
Although some reduction of the 1-acetyl group would be 
anticipated it should be possible by using molar quantities 
of the reagent to selectivelYl_:educe the double bond. 95 
When the crude l,2,3,9b-tetrahydro compound (95) 
was treated with externally generated diborane followed 
by alkaline hydrogen peroxide, three major products were 
isolated after exhaustive thick layer chromatography. 
These were l-(a-hydroxyethyl)-4-methyl-1,2,3,4-tetrahydro-
dibenzofuran (124), l-(a-hydroxyethyl)-4-hydroxy-4-methyl-
1,2,3 , 4-tetrahydrodibenzofuran (125) and 1-acetyl-(l,2 or 3)-
hydroperoxy-4-methyl-1,2,3,4-tetrahydrodibenzofuran (126). 
HOCHCH3 
( 12 4) ( 12 5) ( 12 6) 
The overall structure of the·se products followed 
rrom an examination of their spectral propert ies. The 
ultraviolet spectrum of each was indicative of a 1,2,3,4-
tetrahydrodibenzofuran chromophore. The 1-(a-hydroxy-
E'thyl) group of (124) and (125) was indicated by the 
Clbsence of carbonyl absorption in the respective infrared 
s pectra etnd the absence of acetyl methyl absorption in the 
p.m.r. spec tra. 
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The p.m.r. spectrum of l-(a-hydroxyethyl )-4-methyl-
1,2,3,4-tetrahydrodibenzofuran (124) exhibited two allylic 
protons (o 2.89) and a multiplet at o 4.14 assigned to the 
Me-CH-OH proton. The high resolution mass spectrum con-
firmed the composition as c15H18o2. The formation of (124) 
could occur by a number of mechanisms (a) reversible 
addition of borane followed by elimination of a different 
hydrogen atom, i.e. 
R 
(9 5) :::::,,, 
-BH 3 ">, 
(b) the double bond isomerisation may occur during the 
alkaline work-up procedure or (c) the diborane may add 
to both the double bond and the acetyl group to give, 
during the work-up procedure, compound (127). 
( 9 5) 
(12 7) 
-H20 
~~~---• (124) 
Subsequent dehydration of (127) would then yield (124). 
The p.m.r. spectrum of l-(a-hydroxyethyl)-4-hydroxy-
4-methyl-1,2,3,4-tetrahydrodibenzofuran (125) exhibited 
a broad signal at o 1.74 which was assigned to the 4-
methyl group. The lack of multiplicity of this signal 
indicated that C4 was disubstituted. High resolution 
mass spectrometry confirmed the composition of this 
compound as c15H18o3 . The mode of formation of (125) was 
obscure but 
R 
in the following mann er 
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~ H202 ~~~-• (125) OH 
The hydroboration of the alcohols (96A) and (96B), perhaps 
formed by an inadvertent exposure of (95) to the atmosphere, 
would also be expected to result in the formation of (125). 
The gross structure of 1-acetyl-(l,2 or 3)-hydro-
peroxy-4-methyl-1,2,3,4-tetrahydrodibenzofuran (126) has 
not been proven conclusively. The presence of the carbonyl 
function (1710 cm- 1 ) was indicated by the infrared spectrum. 
As mentioned previously, the ultraviolet spectrum indicated 
the presence of the 1,2,3,4-tetrahydrodibenzofuran chromo-
phore and high resolution mass spectrometry determined the 
composition of this compound as c15H16o4 . The p.m.r. 
spectrum indicated that this compound was a mixture of two 
stereoisomers and exhibited two doublets of doublets at 
o 1.36 and 1.38 (J = 7.0 Hz) which were assigned to the 
4-methyl protons. Two singlets at o 2.17 and 2.22 were 
assigned to the acetyl methyl protons of the two isomers. 
Two broad singlets at o 3.08 and 3.81 were initially 
assigned to the 4 and 1 protons respectively (c.f . the 4 
and 1 protons of l-acetyl-4-methyl-1,2,3,4-tetrahydrodibenzo-
furan (132) at o 2.99 and 3.72 respectively). Such an 
assignment indicated that the hydroperoxide group must be 
at either the 2 or 3 positions and this would be very 
difficult to explain on mechanistic grounds. From a mechan-
istic viewpoint it seems most likely that the introduction 
of the hydroperoxy group would occur in the I-position (i.e. 
a to the carbonyl function) during aeration of the alkaline 
solution. Such oxidation could also occur at the COCH 3 
group but no sharp methylene signals were observed 1n the 
p.m.r. spectrum. 
Treatment of crude (95) with lithium borohydride 
and sulphuric acid gave, not unexpectedly, l-( a-hydroxy-
ethyl)-4-methyl-1,2,3,4-tetrahydrodibenzofuran (124). 
IIence it was apparent from this array of product s 
that attempts to synthesise the 4-hydroxyhexahydrodiben zo-
furan system from the l,2,3,9b-tetrahydrodibenzofuran (95) 
d A.L l 
via hydroboration w~ a viable synthetic procedure. 
The diborane either catalysed rearrangement to the more 
thermodynamically stable 1,2,3,4-tetrahydrodibenzofuran 
system or the intermediate organoboranes were rearranging 
under the reaction conditions to the 1,2,3,4-tetrahydro 
moiety . Furthermore, an attempt to hydrogenate the 4a,9b-
double bond of l-acetyl-4-hydroxy-4-methyl-1,2,3,4-tetra-
hydrodibenzofuran (96) with Raney nickel catalyst resulted 
in hydrogenolysis of the 4-hydroxy group to give l -ace tyl-
4-methyl-1,2,3,4-tetrahydrodibenzofuran (132). 
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At this stage the synthetic objectives were modified 
and approaches to the analogous 4a,9b-dehydrocannabielsoic 
acids A (129) and B (130) were investigated. These compounds 
(129) ( 130) 
appeared to be accessible via the autoxidation of the 
l,2,3,9b-tetrahydrodibenzofurans obtained from the reaction 
of the appropriate 2-isopropenylbenzofurans with methyl 
v inyJ ketone. 
The viability of the proposed transformation of the 
1-acetyl group to the 1-isopropenyl group in the l-acetyl-
4-hydroxy compounds was confirmed by the reaction of (96) 
with methylenetriphenylphosphorane. This gave the two 
(96) 
(131 A and B) 
stereoisorneric 4-hydroxy-1-isopropenyl-4-rnethyl-1,2,3,4-
tetrahydrodibenzofurans (131A and B). 
An alternative approach to the synthesis of the 4-
hydroxy compound (96), via selenium dioxide oxidation of 
l-acetyl-4-rnethyl-1,2,3,4-tetrahydrodibenzofuran (132), 
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was investigated. The reaction of 4-rnethyl-1,2,3,4-tetra-
hydrodibenzofuran-1-carboxylic acid (94) with two moles of 
methyl lithium gave the expected 1-acetyl-4-methyl-1,2,3,4-
tetrahydrodibenzofuran (132). When (94) was treated with 
four rn o 1 e s o f rn e thy 1 1 i th i urn, ( 1 3 2 ) was a g a in i so 1 ate d 
together with l-(a-hydroxyisopropyl)-4-rnethyl-1,2,3,4-
( i 32) ( 13 3) 
tetrahydrodibenzofuran (133), the structure of which was 
elucidated by a combination of spectral properties. The 
mode of formation of (133) remained obscure but was presum-
ably due to the reaction of excess methyl lithium with an 
intermediate of equivalent canonical structure to the 
ketone (132). However, when (132) was reactecJ with 
selenium dioxide the major product was recovered starting 
material (132) and this approach was not further investig-
ated. 
(b) Synthetic Approaches to 4a,9b-Dehydrocannabielsoi c 
Acid s A (129) and B (130). 
bO 
Ethyl olivetolcarboxylate (134) was chosen as the 
starting material for the synthesis of the 2-acetylbenzo-
furans required as intermediates in the synthesis of 
dehydrocannabielsoic acids A and B. There are several 
known methods for the preparation of this compound; 84 , 96 , 97 
that used was the method of Anker and Cook, 84 which is 
shown below. 
Mea-I 
Am Am Am 
ethyl .. OOzEt_B_r_2___..., Br. 0 C02Et _H_2__..  @C02Et 
ace to - HO Ac OH OH 
acetate O O HO HO 
r (J_l } 
Scheme 4 depicts the proposed synthetic route for 
the conversion of ethyl olivetolcarboxylate (134) into 
4a,9b-dehydrocannabielsoic acid B (130). Treatment of 
(134) with diazomethane resulted in methylation of the 
non-intramolecularly hydrogen bonded phenolic group to 
give ethyl 2-hydroxy-4-methoxy-6-pentylbenzoate (135). 
Formylation of (135) by reaction with dichloromethyl 
methyl ether and titanium tetrachloride 98 at 0° and room 
temperature resulted in an 8% yield of ethyl 3-formyl-2-
hydroxy-4-methoxy-6-pentylbenzoate (136) and a 3% yield 
of the corresponding 5-formyl isomer (143). The position 
Am 
() l 
Am Am CHzNz (§J<>zEt • (§l<>zE• ClCH 2COCJJ 3 (134) 
~po OH 
Am 
( 13 7) 
( 14 0) 
( 135) 
~3PCH 2 
___ ,..Am 
OCH3 
101 
SEt 
---~•Am 
(138) 
H3CO H K2co 3 CHO 
(136) 
M.V.K. 
( 139) 
~~~~• (130) 
(141) 
SCHEME 4 
of the formyl group 1n these isomeric aldehydes was deter -
mined by comparison of the p.m.r. spectra with those of 
the corresponding ethyl 3- and 5-formyl-2-hydroxy-4-met hoxy-
6-methylbenzoates.99,lOO Thus the 3-formyl isomer (136) 
exhibited 6 6.22 (aromatic), 10.18 (formyl) and 12.44 
lhydroxyl) [c.f. 3-formyl-6-methyl compound: 6 6.22 
(aromatic), 10.20 (formyl) and 12.44 (hydroxyl)] whereas 
the 5-formyl isomer (143) exhibited 6 6.45 (aromatic), 
10 . 52 (formyl) and 12.13 (hydroxyl) [c. f. 5-formyl -6-
methyl compound: 6 6. 39 (aromatic), 10. 47 (formyl) and 
11 . 95 (hydroxyl)]. When this formylation reaction was 
carried out at -20° the yield of the 3-formyl isomer (136) 
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was increased to 81% while the 5-formyl isomer (143) was 
isolated in 10% yield. 
The re a c t ion o f (13 6 ) w i th ch 1 o r o ace tone gave t he 
expected ethyl 2-acetyl-4-methoxy-6-pentylbenzofuran -7-
carboxylate (137) and treatment of this with methylene-
triphenylphosphorane gave ethyl 2-isopropenyl-4-methoxy-
6-pentylbenzofuran-7-carboxylate (138). 
The 2-isopropenylbenzofuran (138) was reacted with 
methyl vinyl ketone and the reaction product was treated 
with oxygen. The crude autoxidation mixture was treated 
with triethyl phosphite 102 and exhaustive thick layer 
chromatography gave four products. These were: ethyl 9-
acetyl-l-methoxy-6-methyl-3-pentyldibenzofuran-4-carboxyl-
ate (142) (3%), ethyl l-acetyl-9-methoxy-4-methyl-4-(2'-
oxabut-4'-yl)-7-pentyl-1,2,3,4-tetrahydrodibenzofuran-6-
carboxylate (144) (6%) and two compounds which, from p.m.r. 
and mass spectral evidence, were the isomers of ethyl l-
acetyl-4-hydroxy-9-methoxy-4-methyl-7-pentyl-1,2,3,4-tetra-
hydrodibenzofuran-6-carboxylate (140 A and B) (2%) and (3%). 
Am 
( 14 2) (144) 
Am 
(140 A and B) 
The dibenzofuran (142) presumably resulted from the 
dehydration of the alcohols (140 A and B) and subsequent 
oxidation of the resulting dihydrodibenzofuran during the 
isolation procedure. The formation of (144) was rational-
ised by the ene addition of methyl vinyl ketone to the 
initial l,2,3,9b-tetrahydro Diels-Alder product (139). 
__ __.., (144) 
( 14 5) 
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High resolution mass spectrometry confirmed the composition 
of (144) as c28H38o6 and the presence of the 4a,9b double 
bond and two acetyl groups was indicated by a multiplet at 
o 3.91 (allylic 1-proton) and two singlets at o 2.11, 2.15 
in the p.m.r. spectrum. In particular the multiplet at o 
2.52 (-CH 2CH 2COCH 3) and the absence of a doublet methyl 
signal indicated that the . product had the assigned structure 
(144) rather than the alternative structure (145). A 
similar ene addition has been observed with the addition 
of a second molecule of dimethyl acetylenedicarboxylate to 
the initial Diels-Alder adduct (160) of 2-vinylfuran and 
dimethyl acetylenedicarboxylate. 103 
DMAD 
( 16 0) 
The alcohols (140A and B) were subject to very rapid 
decomposition and this, together with the low yield obtained, 
precluded any further investigation of this approach to 
4a,9b-dehydrocannabielsoic acid B (1 30 ) . 
Scheme 5 illustrates the proposed syntheti c route 
to 4a,9b - dehydrocannabielsoic acid A (129). 
( 134) 
( 14 7) 
Am (n'1co2Et 
HO~H 
CHO 
(146) 
as in Scheme 4 
SCHEME 5 
( 12 9) 
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The formylation of (134) with dichloromethyl methyl 
ether and titanium tetrachloride at 0° and room temperature 
gave ethyl 3-formyl-2,4-dihydroxy-6-pentylbenzoate (146), 
although the product obtained from this reaction was impure. 
Treatment of impure (146) with chloroacetone resulted in 
the formation of ethyl 4-acetonyloxy-2-acetyl-6-pentylbenzo-
furan - 7- carboxylate (148) instead of the expected benzofuran 
Am 
c~ 
( 14 9) 
( 14 7) . That the product was the 7-carboxylate (148) 
rather than the alternative 5-carboxylate (149) was 
indicated by the similarity of the ultraviolet spectra 
(134) 
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and the observed chemical shift (o 6.52 and 6.63) of the 
aromatic protons of (148) and the 4-methoxybenzofuran-7 -
carboxylate (137). The isolation of (148) seemed to indic-
ate that initial alkylation of (146) occurred on the 2-
hydroxy group to give the 2-acetonyloxy product (150) 
(151) 
which would undergo intramolecular condensation to give 
the 4-hydroxybenzofuran-7-carboxylate (151). Subsequent 
alkylation of (151) would give the observed product (148). 
In an attempt to circumvent this problem (134) was 
alkylated with chloroacetone to give ethyl-4-acetonyloxy-
2-hydroxy-6-pentylbenzoate (152). However, when (152) was 
treated with dichloromethyl methyl ether and titanium 
tetrachloride none of the expected product (159) was 
isolated and this route was not further investigated. 
Ctip)C 
(152) 
Am 
0 CO,iEt OH 
CHO 
(159) 
---·· (14 7) 
The alternative synthetic route to ethyl 2-acetyl-
-l-methoxy-6-pentylbenzofuran-5-carboxylate (157) illustrated 
111 Scheme 6 was then investigated. 
Benzylation of (134) with benzyl chloride and 
potassium carbonate in acetone proceeded as expected to 
( 134) 
( 15 5) 
Am TiC14 Am 
~CHzCl " rryco.iEt ClzaIOG-!3 " rryco.iEt 
¢CH~OH ¢CH~ 
CHO 
(153) (154) 
CHO 
(156) 
SCHEME 6 
( 15 7) 
give ethyl 4-benzyloxy-2-hydroxy-6-pentylbenzoate (153) 
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in 33% yield. Although formylation of (153) at 0° and 
room temperature gave only 13% yield of ethyl 4-benzyloxy-
3-formyl-2-hydroxy-6-pentylbenzoate (154), when the formyl-
ation was carried out at -20° for 10 minutes the yield of 
(154) was increased to 62%. Methylation of (154) with 
dimethyl sulphate and potassium carbonate in acetone gave 
ethyl 4-benzyloxy-3-formyl-2-methoxy-6-pentylbenzoate (155) 
which was hydrogenolysed over palladium on charcoal to 
give ethyl 3-formyl-4-hydroxy-2-methoxy-6-pentylben zoate 
(156). The reaction of (156) with chloroacetone under the 
usual conditions gave ethyl 2-acetyl-4-methoxy-6-pentyl -
benzofuran-5-carboxylate (157). 
A shortage of ethyl olivetolcarboxylate (134) and 
the low overall yield obtained in Scheme 6 precluded further 
investigation of this synthetic approach to 4a,9b-dehydro -
cannabielsoic acid A (129). 
CHAPTER IV 
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EXPERIMENTAL SECTION 
General 
Infrared spectra were recorded on a Unicam SP200G 
spectrophotometer as nujol mulls unless otherw is e specified 
and the measurements are given in wavenumbers. Unless 
otherwise stated, ultraviolet spectra were recorded in 90% 
ethanol solution on a Unicam SP800 instrument and the 
measurements are given in nanometres. P.m.r. spectra were 
recorded at 60MHz on a Perkin-Elmer R 10 spectrometer or 
at 100MHz on Varian HA 100 and JEOL JNM-MH-100 instruments. 
Spectra were recorded in deuter ~chloroform solution unles s 
otherwise specified and chemical shifts were measured on 
the o scale relative to tetramethylsilane as an internal 
standard. Low resolution mass spectra were recorded on 
A.E.I. MS902 and Varian MAT CH7 instruments at 70eV using 
the direct insertion technique. High resolution mass 
spectra were recorded on the A.E.I. MS902 spectrometer. 
Analyses were performed by the A.N.U. Microanalytical 
Service under the direction of Miss B. Stevenson and 
Dr. J.E. Fildes. Melting points were determined on a 
Gallenkamp melting point apparatus, or a calibrated 
Kofler hot strip, and the former are uncorrected. All 
layer chromatograms were carried out on thick layer plates 
(100 x 20 cm, thickness 0.1 cm) using silica gel (Merck 
HF 254 + 366 ) as adsorbent. Bands on thick layer plates 
were detected by exposure to short wavelength ultraviol et 
light. 
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2-Acetylbenzofuran 
Anhydrous potassium carbonate (48.5 gm ) was added 
to a solution of salicylaldehyde (19.8 gm) and chloroacetone 
(15 gm) in dimethyl formamide (250 ml) and the mixture 
stirred overnight at room temperature. The mixture was 
then poured into water and extracted several times with 
ether. The combined ethereal extract was washed several 
times with 2M aq. sodium hydroxide and then water, dried 
(MgS0 4) and reduced in volume to give 2-acetylbenzofuran 
(21. 2 gm, 81%) as a yellow solid, m.p. 85-86° (lit. 87°) 104. 
2-Isopropenylbenzofuran 38 
A mixture of methyltriphenylphosphonium bromide 
(1.5 equiv.) and sodium ethoxide (1.3 equiv., freshly 
prepared) or sodium hydride (1.3 equiv., 50% suspension 
in oil washed with light petroleum) were stirred in 1:1 
dimethyl formamide/ether under N2 for 15 minutes. 
2-Acetylbenzofuran (1 equiv.) was then added and stirring 
continued for 1 hour. The mixture was then diluted with 
water (if hydride was used as base ethanol was added prior 
to dilution) and extracted several times with ether. The 
combined ethereal extract was washed (H 20), dried (MgS0 4), 
reduced in volume and the residue chromatographed on an 
alumina column (5 x 15 cm) with 5% ether/light petroleum 
to yield 2-isopropenylbenzofuran as a pale yellow oil 
(average yield for either base 65%) with p.m.r. identical 
to that of an authentic sample. 38 
P.m.r. (CC1 4): cS 2.11 (3H, d, J = 1.0 Hz, methyl protons), 
5.18, 5.82 (2H, two m, methylene protons), 6.62 (lH, s, 
proton 3), 7.10-7.80 (4H, m, aromatic protons). 
N-P henyl-4-methyl - l,2,3,9b-tetrahydrodiben zofuran-l,2-
dicarboximide ~56) 
2-Isopropenylbenzofuran (650 mg) and N-phenyl-
maleimide (712 mg) were refluxed in benzene (20 ml) under 
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2 for 3 days and the mixture allowed to cool. The result-
ing crystals were filtered off and recrystallised from 
benzene under N2 to yield the l,2,3,9b-tetrahydro compound 
(56) (747 mg, 55%). The filtrate was reduced in volume, 
applied to a thick layer plate and eluted with 70% ether/ 
light petroleum to yield a further amount of the l,2,3, 9b-
tetrahydro compound (56) and a compound later identified 
as trans-N-phenyl-4-hydroperoxy-4-methyl-1,2,3,4-tetra-
hydrodibenzofuran-l, 2-dicarboximide (58) (29 mg). In 
similar experiments using degassed benzene as solvent and 
collecting two crops of crystals, the yield of the l,2,3, 9b-
tetrahydro adduct (56) was raised to 80%. N-Phenyl-4-
methyl-l,2,3,9b-tetrahydrodibenzofuran-l,2-dicarboxirnide 
(56) exhibited 
m. p. 14 7 - 15 5 ( de c. ) . 
Found : C , 7 5 . 8 8 ; H, 4 . 9 8 ; N , 4 . 14 % . C 21 H l 7 0 3 N requires 
C, 76.12; H, 5.17; N, 4.23%. 
v max 1 7 7 4 , 1710 ( C = 0) , 1612 , 159 7 , 15 O O ( C = C) • 
Amax 226(E = 16700), 284(2600), 291(2400 ) . 
P.m.r.: o 1.88 (3H, dd, J = 2.8 and 1.2 Hz, methyl protons), 
~ . 3 2 ( lH, m, J = -15.0, 6.2 and 1.2 Hz, proton 3b), 2.88 
( lH, dd, J = 
-15. 0 and 2. 0 Hz, proton 3a), 3. 28 (lH, m, 
J = 8 . 8 , 6.2 and 2.0 Hz, proton 2), 3.78 (lH, t, J = 8.8 
proton 1), 4.08 (lH, bs, J = 8.8 and 2 . 8 Hz, 
proton 9b), 7.88-8.54 (9H, m, aromatic protons). 
and 8 .8 Hz, 
Mass spectrum: m/e 332 (12%), 331 (M+, 52), 184 (7), 183(16), 
182 (6) , 181 ( 5), 179(9), 159(12), 158 ( 1 00) , 143(5), 115(7), 
106(8), 91(6), 77(6), 71(7), 57(10), 44(10), 43(8), 41( 6) 
with a metastable peak at 301.7. 
trans-N-Phenyl-4-hydroperoxy-4-methyl-1,2,3,4-tetrahydro-
dibenzofuran-l,2-dicarboximide (58) exhibited 
m.p. 180-182 (dee.). 
Found: Mol.wt. 363.1103. c21 H17o5N requires mol.wt. 
363.1107. 
A 
max 
3330 (OH), 1777, 1714 (C=O), 1597, 1504 (C=C). 
25l(E = 8900), 276(3100), 284(2700). 
P . m . r . ( CDC 1 3 / 2 drop s d 6 D MS O) : o 1 . 7 2 ( 3 H , s , me t h y 1 
protons), 2.18 (lH, dd, J = -14.2 and 9.8 Hz, proton 3b), 
2.71 (lH, bs, OOH proton), 2.91 (lH, dd, J = -14.2 and 
6.5 Hz, proton 3a), 3.73 (lH, m, J = 8.2, 9.8 and 6.5 Hz, 
proton 2), 4.37 (lH, d, J = 8.2 Hz, proton 1), 7.21-7.56 
(8H, m, aromatic protons), 8.00-8.09 (lH, m, proton 9). 
(d6 acetone): o 1.72 (3H, s, methyl protons), 2.23 
(lH, dd, J = -14.2 and 11.1 Hz, proton 3b), 2.84 (lH, dd, 
J = 14.2 and 6.0 Hz, proton 3a), 3.79 (lH, m, J = 11.1, 8.3 
and 6.0 Hz, proton 2), 4.58 (lH, d, J = 8.3 Hz, proton 1), 
7.23-7.54 (8H, m, aromatic protons), 7.97-8.06 (lH, m, 
proton 9b). 
70 
Mass spectrum: m/e 363(M+,10%), 348(13), 347(53), 345(10), 
333(24), 332(100), 331(7), 330(19), 329(24), 328(8), 327 
(34), 305(10), 283(15), 282(6), 211(15), 209(7), 199(5), 
186(8), 185(53), 184(12), 183(24), 182(48), 181(26), 180(5), 
173(15), 168(7), 157(10), 152(10), 151(5), 139(5), 129(5), 
128(11), 127(7), 120(9), 119(6), 115(6), 91(7), 77(12), 
74(31), 71(7), 59(12), 58(20), 57(13), 56(5), 51(5) with 
metastable peaks at 317.6, 278.5, 103. 
The relative signs of the coupling constants in the 
p.m.r. spectrum of (56) and the CDC1 3/d6DMS0 p.m.r. spectrum 
u 
of (58) were obtained by computation of the spectra using 
a LAOCOON programme with magnetic equivalence. 105 
cis-N-Phenyl-4-hydroperoxy-4-methyl-l,2,3,9b-tetrahydro-
dibenzofuran-l,2-dicarboximide (59) 
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(i) Oxygen was bubbled through a solution of the l,2,3,9b-
tetrahydro compound (56) (795 mg) in benzene (150 ml) for 
24 hrs. The crystals thus obtained were filtered off and 
recrystallised from ethyl acetate to give cis-N-phenyl-4-
hydroperoxy-4-methyl-l,2,3,9b-tetrahydrodibenzofuran-l, 2-
dicarboximide (59) (190 mg, 22%). The filtrate was reduced 
in volume and the p.m.r. spectrum indicated that it was a 
mixture of the stereoisomeric hydroperoxides (58) and (59). 
(Quantitative yield). The cis-hydroperoxide (59) exhibited 
m.p.: 196-8° (dee.). 
Found: C, 69.91; H, 4.66; N, 3.68%. c21H17o5N requires 
C, 69.41; H, 4.72; N, 3.86%. 
vmax 3400 (OH), 1778, 1704 (C=O), 1602, 1599 (C=C). 
Amax 251(£ = 10000), 277(3400), 284(3000). 
P.m.r. (CDC1 3): o 1.89 (3H, s, methyl protons), 1.93 (lH, 
dd, J = 15.0 and 6.0 Hz, proton 3b), 3.29 (lH, dd, J = 15.0 
and 2.5 Hz, proton 3a), 3.52 (lH, m, J = 8.2, 6.0 and 2.5 
Hz, proton 2), 4.47 (lH, d, J = 8.2 Hz, proton 1), 7.15-7.56 
(SH, m, aromatic protons), 7.91-8.00 (lH, m, proton 9), 8.58 
( lH, s, OOH proton) . 
(d 6 acetone): o 1.79 (3H, s, methyl protons), 2.15 
(lH, dd, J = 15.0 and 7.0 Hz, proton 3b), 3.03 (lH, dd, J = 
15.0 and 2.2 Hz, proton 3a), 3.71 (lH, m, J = 8.8, 7.0 and 
2 .2 Hz, proton 2), 4.58 (lH, d, J = 8.8 Hz, proton 1), 
7.17-7.55 (8H, m, aromatic protons), 7.88-7.98 (lH, m, 
proton 9). 
..... 
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1ass spectrum: m/e 363(M+,4%), 348(18), 347(69), 345(6 ) , 
333(23), 332(100), 331(7), 330(24), 329(14), 327(12), 304 
(5), 283(5), 228(6), 211(10), 209(5), 200(6), 199(5), 186 
(9), 185(59), 184(11), 183(41), 182(30), 181(18), 173(6 ) , 
168(9), 157(11), 152(6), 129(6), 128(11), 127(7), 120(8), 
119(5), 115(5), 91 (5), 77(10), 74 (6), with metastable peaks 
at 317.6, 278.5, 103. 
(ii) Oxygen was bubbled through a solution of the l,2,3,9b -
tetrahydro compound (56) (425 mg) in benzene (40 ml) for 
4 days in the absence of light. The benzene was evaporated 
and the residue taken up in acetone and applied to 2 thick 
layer plates and eluted with 5% acetone/chloroform to give 
the cis-hydroperoxide (59) (285 mg, 61%) and the trans-
hydroperoxide (58) (159 mg, 34%). 
(iii) Oxygen was bubbled through a solution of the l,2,3,9b-
tetrahydro compound (56) (425 mg) in benzene (40 ml) for 
4 days exposed to light. The benzene was evaporated and 
the residue taken up in acetone and applied to 2 thick 
layer plates and eluted with 5% acetone/chloroform to give 
the cis-hydroperoxide (59) (310 mg, 67%) and the trans-
hydroperoxide (58) (145 mg, 31%). 
cis- and trans-N-Phenyl-4-methyl-1,2,3,4-tetrahydrodi-
benzofuran-l,2-dicarboximide (57A) and (57B) 
(i) The l,2,3,9b-tetrahydro compound (56) (279 mg) 
,vas refluxed for 3 hours in methanol (20 ml) to which 
sodium (14 mg) had been added. The reaction mixture ha s 
allowed to cool, diluted with water and extracted sever a l 
times with ether. The combined ethereal extract was 
washed (H 20), dried (MgS04) and reduced in volume. Recryst -
3llisation of the residue from benzene/cyclohexane gave a 
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mixture of the isomeric 1,2,3,4-tetrahydro compounds (5 7A) 
and (57B) (SO mg, 18%) as pale yellow needles. In a 
second experiment when refluxing was continued for 20 hours 
and the crude product recrystallised from methanol, the 
yield of the mixture was raised to 26%. In both experiments 
the recrystallised products contained one predominant isomer, 
(57A), which was obtained pure, by p.m.r. standards, by 
repeated recrystallisation. This isomer was identical to 
that produced stereospecifically by the reductive hydrogen-
olysis of both cis- and trans-N-phenyl-4-hydroperoxy-4-
methyl-1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboximide 
(59) and (58). 
(ii) The l,2,3,9b-tetrahydro compound (56) (500 mg) and 
cone. HCl (3 ml) were refluxed in ethanol (30 ml) for 30 
min. The mixture was then poured into water and extracted 
several times with benzene. The combined organic extract 
was washed (H 20), dried (MgS0 4) and reduced in volume to 
yield a mixture of the isomeric 1,2,3,4-tetrahydro compounds 
(57A) and (57B) (quantitative yield) as a white solid. In 
a second experiment the crude product was chromatographed 
on thick layer plates using 5% acetone/benzene to give the 
mixture in 95% yield. From the p.m.r. spectrum this mixture 
contained approximately 30% of the isomer (57A) produce d 
by the hydrogenolysis of both the cis- and trans-4-methyl 
hydroperoxides (59) and (58). 
Attempted autoxidation of N-phenyl-4-methyl-1,2, 3 ,4-
tetrahydrodibenzofuran-l,2-dicarboximide (57A) and (57B ) 
Oxygen was bubbled through a solution of a mixture 
of the isomeric 1,2,3,4-tetrahydro compounds (57A) and 
(57B) (78 mg) in benzene (20 ml) for 2 days, after whic h 
time t.l.c. indicated no change in the reaction mixture. 
Removal of the solvent gave recovered starting material. 
2-Vinylbenzofuran 
A mixture of methyltriphenylphosphonium bromide 
(19.0 gm) and sodium hydride (1.18 gm) 1n 1:1 ether/ 
dimethyl formamide (50 ml) was stirred at room temperature 
under N2 for 15 minutes. 2-FormylbenzofuraJ
06 (6.0 gm) 
was then added and stirring continued for a further 45 
minutes. Ethanol (5 ml) was added and the mixture diluted 
with water and extracted several times with ether. The 
combined ethereal extract was washed (H 20), dried (MgS04), 
reduced in volume and chromatographed on an alumina column 
(5 x 15 cm) with light petroleum to yield the olefin as 
a colourless oil (4.6 gm, 78%). 
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P.m.r.: o 5.31 (lH, d, J = 11.0 Hz, S-vinyl proton), 5.95 
(lH, d, J = 17.0 Hz, S'-vinyl proton), 6.49 (lH, s, benzo-
furanyl proton), 6.59 (lH, dd, J = 11.0 and 17.0 Hz, a-vinyl 
proton), 7.01-7.51 (4H, m, aromatic protons). 
N-Phenyl-l,2,3,9b-tetrahydrodibenzofuran-l,2-dicarboximide 
(60) 
2-Vinylbenzofuran (2.3 gm) and N-phenylmaleimide 
(2.75 gm) were refluxed in degassed benzene (40 ml) under 
N2 for 84 hours. The mixture was allowed to cool and the 
resulting crystals of the l,2,3,9b-tetrahydro adduct (60) 
were filtered off. The filtrate was reduced in volume and 
a second crop of the l,2,3,9b-tetrahydro adduct (60) was 
filtered off. Combined yield 3.4 gm, 67%. 
m.p. 196-204° (dee.). 
Found: C, 75.87; H, 4.67; N, 4.32%. c20H15o3N require s 
C, 75.69; H, 4.76; N, 4.41%. 
1776, 1714 (imide C=O); 1612, 1596, 1495, 1483 (C =C ) . 
>,. ( CH C 1 ) · 2 7 6 ( E: = 2100) , 2 8 8 ( 2 2 0 0) . max 3 · 
P.m.r. (CDC1 3): c52 .23 (lH, m, J = 15.2, 6.5, 3.3, 2.3 Hz, 
proton 3b), 3.05 (lH, ddd, J = 15.2, 7.8, 1.8 Hz, proton 
3a), 3.27 (lH, m, J = 8.3, 6.5, 1.8 Hz, proton 2), 3.91 
(lH, t, J = 8.3, 8.3 Hz, proton 1), 4.09 (lH, m, proton 
9b), 5. 32 (lH, 2t, J = 7. 8, 3. 3, 3. 3 Hz, proton 4), 6. 87-
7. 53 (9H, m, aromatic protons). 
+ Mass spectrum: m/e 318(14%), 317(M ,59), 197(5), 1 73(6) , 
170(23), 169(18), 168(5), 145(12), 144(100), 141(6), 115 
(19), 98(5), 78(18), 77(7), 51(6), 43(7). 
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Proton and coupling constant assignments in the p.m.r. 
spectrum were achieved by spin-decoupling protons 3b an d 4. 
cis- and trans-N-Phenyl-4-hydroperoxy-1,2,3,4-tetrahydrodi -
benzofuran-l,2-dicarboximide (61) and (62) 
Oxygen was bubbled through a solution of the l,2,3, 9b-
tetrahydro compound (60) (500 mg) in benzene (SO ml) for 
4 days. The mixture was then reduced in volume and applied 
to 2 thick layer plates and eluted with 5% acetone/chloro -
form. Two maJor bands developed and these were charact erised 
as cis-N-phenyl-4-hydroperoxy-1,2,3,4-tetrahydrodiben zofuran-
l,2-dicarboximide (61) (271 mg, 52%) and trans-N-phenyl-4-
hydroperoxy-1,2,3,4-tetrahydrodibenzofuran-l,2-dicarbo ximide 
(62) (222 mg, 42%). Unreacted l,2,3,9b-tetrahydro compound 
(24 mg) was also isolated. 
The cis-isomer (61) exhibited 
m.p. 193-194° (dee.) (Recrystallised from methyl acetate/ 
light petroleum.) 
Found: C, 69.02; H, 4.41; N, 3.91%. c20 H15o5N requires 
C, 68.76; H, 4.33; N, 4.01%. 
V 
max 
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3345 (OH), 1775, 1705 (C=O), 1638, 1600, 1502 (C=C). 
Amax (CHC1 3): 253(£ = 11000), 278(5100), 286(4200). 
P.m.r. (d6 acetone): o 2.24 (lH, m, J = 7.3, 3.6 and 15.2 
H z , p r o ton 3 b ) , 2 . 6 8 ( 1 H , s , 00 H) , 3 . 1 9 ( 1 H , m , J = 2 . 0 , 
2.0 and 15.2 Hz, proton 3a), 3.72 (lH, m, J = 7.3, 2.0 and 
8.6 Hz, proton 2), 4.58 (lH, d, J = 8.6 Hz, proton 1), 5.27 
(lH, m, J = 2.0 and 3.6 Hz, proton 4), 7.16-7.56 (8H, m, 
aromatic protons), 7.89-7.99 (lH, m, proton 9). 
(CDC1 3)~ o 2.04 (lH, m, proton 3b), 3.36-3.72 (2H, 
m, proton 3a and proton 2), 4.48 (lH, d, J = 8.2 Hz, proton 
1), 5. 37 (lH, m, proton 4), 7 .14- 7. 50 (8H, m, aromatic 
p r o ton s ) , 7 . 9 0 - 8 . 0 0 ( 1 H , m , pro ton 9 ) , 8 . 8 6 ( 1 H , s , - 00 H 
proton). 
Mass spectrum: m/e 334(16%), 333(69), 332(15), 331(55), 
317(8), 316(11), 315(18), 313(10), 269(5), 214(15), 213(35), 
197(5), 195(5), 187(10), 186(65), 185(31), 184(100), 171(12), 
170(13), 169(50), 168(50), 160(5), 158(10), 157(12), 156(32), 
155(6), 141(10), 139(15), 131(6), 129(10), 128(39), 127(16), 
126(5), 119(7), 115(10), 102(13), 101(5), 93(5), 91(9), 
77(11), 64(6), 63(6), 51(7), 43(9) with metastable peaks 
at 137.1, 134, 132.2, 105, 102.5. 
The trans-isomer (62) exhibited 
m. p. 162 - 3 ° (dee.) (Recrys tal 1 i sed from methyl acetate/ 
light petroleum.) 
Found: C, 68.30; H, 4.46; N, 3.78%. c20 H15o5N requires 
C, 68.76; H, 4.33; N, 4.01%. 
vmax : 3315 (OH); 1779, 1710 (C=O); 1629, 1598, 1502 (C=C) . 
.\max (CHC1 3): 253(£ = 11000), 278(3900), 286(3200). 
P.m.r. (d 6 acetone): o 2.37 (lH, m, J = 11.0, 4.0 and 
14.4 Hz, proton 3b), 2.71 (lH, s, OOH), 2.86 (lH, m, J = 
..... 
1 
J 
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6.0, 4.0 and 14.4 Hz, proton 3a), 3.71 ( l H, m, J = 11.0, 
6.0 and 8.0 Hz, proton 2), 4.59 (lH, d, J = 8.0 Hz, proton 
1), 5.29 (lH, m, J = 4.0 and 4.0 Hz, proton 4), 7.18-7.55 
(8H, m, aromatic protons), 7.96-8.04 (lH, m, proton 9). 
(CDC1 3): o 2.40 (lH, m, proton 3b), 2.84 (lH, m, 
proton 3a), 3.69 (lH, m, proton 2), 4.36 (lH, d, J = 8.0 
Hz, proton 1), 5.27 (lH, m, proton 4), 7.20-7.60 (8H, m, 
aromatic protons), 7.94-8.06 (lH, m, proton 9), 8.46 (lH, 
s, OOH proton). 
Mass spectrum: m/e 349(M+,5%), 334(9), 333(42), 332(7), 
331(25), 317(9), 316(7), 315(21), 314(5), 313(21), 291(10), 
269(12), 214(5), 213(16), 188(5), 187(5), 186(26), 185(60), 
184(48), 173(5), 171(7), 170(13), 169(27), 168(49), 166(6), 
158(6), 157(8), 156(15), 141(8), 139(16), 137(7), 131 (6), 
129(7), 128(22), 127(10), 125(11), 123(8), 120(5), 119(9), 
115(8), 113(8), 112(5), 111(19), 110(6), 109(11), 105(5), 
102(7), 99(10), 98(6), 97(27), 96(9), 95(17), 93(8), 91(9), 
85(24), 84(7), 83(25), 82(9), 81(16), 77(9), 74(26), 71(35), 
70(11), 69(28), 67(11), 59(8), 57(52), 56(13), 55(31), 
44(7), 43(100), 42(17), 41(22) with metastable peaks at 
133, 102.5. 
The d 6 acetone p.m.r. spectra of both (61) and 
(62) were simplified by spin-decoupling the respective 
4 -pro tons. 
2-(a-Phenylvinyl)benzofuran 
A mixture of sodium hydride (800 mg, 50% suspension 
in oil) and methyltriphenylphosphonium iodide (7.4 gm) 1n 
1:1 ether/dimethyl formamide (SO ml) was stirred under N2 
for 15 min. 2-Benzoylbenzofuran (3.0 gm) 107 in the same 
solvent (20 ml) was added and stirring continued for 1 hr. 
..... 
l 
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Ethanol (10 ml) was added to destroy any excess sodium 
hydride and the mixture poured into water and extracted 
several times with ether. The combined ethereal extract 
was washed (11 20), dried (MgS0 4), reduced in volume and 
applied to an alumina column (5 x 15 cm, Spence Type H) 
and eluted with light petroleum. The product thus obtained 
was contaminated with oil and was rechromatographed on a 
similar column to yield the product as a pale yellow oil 
(2.9 gm, 97%) which could be further purified by short 
path distillation (0.1 mm, bath temperature 100°). 
Found: C, 87.10; H, 5.59%. c16H12o requires C, 87.24; 
H, 5.49%. 
vmax (liquid film): 3055 (C-H), 1494 (C=C). 
Amax 231(£ = 12000), 253(10500), 278sh(l5500), 286(18500), 
292(18900), 296sh(l7800), 305(17200). 
P.m.r.: o 5.43, 6.08 (2H, twos, methylene protons), 6.53 
(lH, s, proton 3), 7.11-7.53 (9H, m, aromatic protons). 
Mass spectrum: + ml e 2 2 0 ( M , 1 0 0 % ) , 2 1 9 ( 2 3) , 218 ( 1 0 ) , 
205(20), 191(15), 190(5), 189(12), 165(7) with metastable 
peaks at 191, 165.8. 
l-(2'-Benzofuranyl)-l,4-diphenyl-l,2,3,9b-tetrahydrodi-
benzofuran (64) 
2-(a-Phenylvinyl)benzofuran (2.8 gm) was stored 
as an oil for 2 days at room temperature. An attempt to 
dissolve the material in ether led to the formation of 
white crystals which were filtered off and identified as 
the dimer (64) (225 mg). 
m.p. 176-178° (dee.). 
F o un d : C , 8 7 . 1 8 ; H , 5 . 6 5 % . C 3 2 H 2 4 0 2 re q u i r e s C , 8 7 . 2 4 ; 
JI, 5.49 %. 
..... 
IJ 
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vmax 1604, 1592, 1582 (C=C). 
A (CHC1 3): 255sh(e: = 20,000), 261(207 00) , 275sh(22000), max 
278(22700), 285(21300), 293sh(ll600). 
P.m.r.: cS 2.48-2.98 (4H, m, protons 2 and 3), 4.96 (lH, 
bs, 9b proton), 6. 01 (lH, s, benzofuranyl proton), 6. 41-
7.63 (18H, m, aromatic protons). 
Mass spectrum: m/e 441(6%), 440(M+,18), 412(7), 363(5), 
221 (18), 220(100), 219(9), 205(8), 191 (6). 
The filtrate was reduced in volume, applied to an 
alumina column (5 x 15 cm, Spence Type H) and eluted with 
light petroleum to yield recovered 2-(a-phenylvinyl)ben zo-
furan (2.0 gm). Elution of the column with 20% ether/ 
light petroleum gave a further amount of the dimer (64). 
(Total yield 716 mg, 90%). 
N-Phenyl-4-phenyl-l,2,3,9b-tetrahydrodibenzofuran-l,2-
dicarboximide (63) 
2-(a-Phenylvinyl)benzofuran (2.0 gm) and N-phenyl-
maleimide (1.57 gm) were refluxed in 'degassed' benzene 
(40 ml) under N2 for 36 hours and the mixture cooled to 
room temperature. The solvent was then removed under 
reduced pressure and the residue treated with hot benze~e 
(30 ml). The resultant white solid (402 mg) was filtered 
off and found to be the required l,2,3,9b-tetrahydro 
product (63). The filtrate was applied to a silica gel 
column (5 x 20 cm, Merck 0.05-0.2 mm) and eluted with 
80% ether/light petroleum, ether and then chloroform. 
Further l,2,3,9b-tetrahydro product (63) (627 mg) crystal-
lised from the ether/light petroleum eluate and was 
filtered off. The column eluent was then combined, reduced 
in volume and applied to 5 thick layer plates and eluted 
-
..... 
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it h 80% ether/ lig ht petroleum to yi e l d fur t her l , 2 , 3 , 9b-
t e t r a h yd r o p r o d u c t ( 6 3 ) ( 1 7 3 mg ) . To t a l y i e 1 d 1 . 2 gm , 3 4 ';, . 
m.p. 188 - 196° ( dee.). 
Found : C, 79 .55; H, 4.98; N, 3.68 %. c26H19o3.
1 require s 
C, 79 .37, H, 4.8 7 ; N , 3.56%. 
vmax: 1712 (C=O), 1614, 1598 (C=C). 
Amax (CHC1 3): 272(s = 18700), 293sh(l2200). 
P.m.r.: cS 2.51 (lH, ddd, J = 5.6, 2.2, 14.8 Hz, proton 3b) , 
3.39 (lH , m, J = 8.6, 5.6, 2.0 Hz, proton 2), 3.55 (l H, dd , 
J = 2.0, 14.8 Hz, proton 3a), 3.83 (lH, dd, J = 8.6, 7 . 5 
Hz, proton 1), 4. 24 (lH, bd, proton 9b), 6. 90-7. 70 (14H, 
m, aromatic protons). 
Mass spectrum: m/e 395(5%), 394(30), 393(M+,100), 392(5) , 
389(10), 316(5), 274(15), 273(34), 247(8), 246 ( 34 ) , 24 5 ( 48 ) , 
244(14), 229(5), 227(6), 221(17), 220(93), 219(21), 218 ( 12 ) , 
217(6), 215(10), 205(18), 202(9), 197(11), 196. 5 ( 11 ), 1 91 
(15), 190(5), 189(10), 169(12), 168(6), 165(7), 1 39 (5 ) , 
115(9), 77(9) with metastable peaks at 1 91, 167, 1 52 . 7 . 
cis- and trans- N-Phenyl-4-hydroperoxy-4-phenyl -1 , 2 , 3 , 4-
tetrahydrodibenzofuran-l,2-dicarboximide (66 ) and (67) 
Oxygen was bubbled through a solution of N-phenyl -
4-p henyl - 1,2,3,9b-tetrahydrodibenzofuran-1, 2 - d ica rboximi de 
( 63) ( 400 mg) in benzene (SO ml) for 4 da ys . The reaction 
mi x ture was reduced in volume and applie d to 2 t hick layer 
p l a te s and eluted with 80 % ether/light pet r ol eum to yield 
r e co v e red starting material (25 mg) and a mixture of 
l1yd roperoxide s . The h y droperoxide mi x ture was applied to 
2 t l1ic k l ay er plates and eluted wit h 15 % a cetone/benzene 
to y ield ci s- 1-phenyl- 4 -hydroperoxy-4-p h e ny l -1 , 2 , 3 , 4-
tetrahydrodiben zofuran-l,2-dicarboxi mi d e (66) (196 mg , 4 8 %) 
and the corresponding trans-isomer (67) (187 mg, 46%). 
The cis-isomer (66) exhibited 
m.p. 162-3° (dee.) (Recrystallised from ether/light 
petroleum.) 
Found : C , 7 3 . 4 9 ; H , 4 . 71 ; N , 3 . 1 7 % . C 2 6 H l 9 0 5 N re q u 1 re s 
C, 73.40; H, 4.50; N, 3.29%. 
vmax= 
Amax= 
P.m.r. 
3390 (OH), 1705 (C=O). 
253(£ = 1300), 277(4400), 284(3700). 
(CDC1 3): cS 2.61 (lH, dd, J = 5.8, 14.9 Hz, proton 
3b), 3.45 (lH, dd, J = 2.8, 14.9 Hz, proton 3a), 3.61 (lH, 
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m, J = 5.8, 2.8, 8.0 Hz, proton 2), 4.52 (lH, d, J = 8.0 Hz, 
proton 1), 7.17-7.68 (13H, m, aromatic protons), 7.92-8.02 
(lH, m, proton 9), 9.00 (lH, s, -OOH proton). 
(d6 acetone): cS 2.57 (lH, dd, J = 14.9, 7.0 Hz, 
proton 3b), 2.70 (lH, s, OOH), 3.08 (lH, dd, J = 14.9, 
2.9 Hz, proton 3a), 3.75 (lH, m, J = 8.8, 7.0, 2.9 Hz, 
proton 2), 4.71 (lH, d, J = 8.8 Hz, proton 1), 7.22-7.61 
(13H, m, aromatic protons), 7.95-8.06 (lH, m, proton 9). 
Mass spectrum: m/e 426(9%), 425(30), 410(22), 409(72), 
407(5), 393(10), 392(30), 389(11), 333(7), 332(28), 331(7), 
319(5), 306(6), 305(24), 304(5), 292(5), 289(5), 271(5), 
266(12), 262(10), 261(16), 260(10), 247(11), 246(7), 245 
(23), 244(13), 236(15), 235(8), 234(15), 227(5), 215(10), 
213(13), 205(5;, 202(7), 199(5), 189(5), 188(5), 185(17), 
184(15), 174(7), 173(35), 160(5), 157(7), 156(5), 146(5), 
145(5), 144(6), 139(5), 131(5), 129(7), 128(13), 127(7), 
122(16), 121 (15), 120(18), 119(11), 118(5), 115(10), 106 
(10), 105(100), 103(5), 102(7), 101(6), 94(20), 93(12), 
92(10), 91(12), 78(12), 77(76), 76(7), 74(5), 66(8), 65 
(12), 64(9), 63(9), 59(8), 55(8), 51(21), 50(10), 45(10), 
44(15), 43(9), 42(5), 41(7) with a metastable peak at 
375.7. 
The trans-isomer (67) exhibited 
m.p. 139-141° (dee.) (Recrystallised from benzene/cyclo-
hexane.) 
F o un d : C , 7 3 . 4 0 ; H , 4 . 9 5 ; N , 3 . 2 0 % . C 2 6 H l 9 0 5 N re q u 1 re s 
C, 73.40, H, 4.50; N, 3.29%. 
vmax= 3320 (OH), 1715 (C=O). 
Amax 250(£ = 11900), 276(3800), 283(3400). 
P.m.r. (d6 acetone): o 2.80 (lH, s, OOH), 2.85 (lH, dd, 
J = 13. 2, 7. 2 Hz, pro ton 3b) , 3. 10 ( lH, dd, J = 13. 2, 6. 8 
Hz, proton 3a), 3.91 (lH, m, J = 7.2, 6.8, 8.3 Hz, proton 
2) , 4. 7 0 ( lH, d, J = 8. 3 Hz, pro ton 1) , 7. 0 4 - 7. 5 4 ( 13H, m, 
aromatic protons), 8.00-8.10 (lH, m, proton 9). 
(CDC1 3): o 2.88-3.16 (2H, m, proton 3a and 3b), 
3.56-3.78 (lH, m, proton 2), 4.44 (lH, d, J = 8.0 Hz, 
proton 1), 6.94-7.46 (13H, m, aromatic protons), 8.02-8.11 
(lH, m, proton 9), 8. 26 (lH, bs, -OOH proton). 
Mass spectrum: + ml e 4 2 5 (M , 10 % ) , 410 ( 7) , 4 0 9 ( 2 4) , 4 0 5 ( 5) , 
82 
393(9), 392(14), 391(20), 390(14), 389(46), 346(5), 345(16), 
344(7), 333(5), 332(21), 331(31), 319(10), 305(13), 291(5), 
266(5), 261(6), 260(5), 247(5), 246(6), 245(18), 244(46 ) , 
243(5), 242(8), 234(5), 215(10), 214(5), 213(14), 189(5 ) , 
188(5), 185(14), 184(59), 174(6), 173(19), 172(5), 157(5), 
156(19), 155(5), 146(9), 144(6), 129(7), 128(23), 127(10), 
122(20), 121(7), 120(14), 119(9), 118(5), 115(8), 106(7 ) , 
105(66), 102(8), 101 (5), 95(8), 94(100), 93(9), 92(9), 91 
(10), 89(5), 84(5), 78(8), 77(51), 76(7), 75(6), 74(6), 66 
(57), 65(27), 64(11), 63(14), 62(5), 55(13), 53(5), 51(22), 
50(13), 44(16), 41(5) with metastable peaks at 375.7, 
307.4, 132.3, 102. 
l 
, t et h y 1 Z - and E - 3 - ( 2 ' - be n z o fur any 1 ) c r o ton a t c l b 8) ;.ind ( (1 9) 
2-Acetylbenzofuran (1.42 gm) and carbomethoxymet lylenc-
triphenylphosphorane (2.97 gm) 61 were re f luxed in benzene 
(40 ml) under ·2 for 3 days. The solvent was removed and 
the residue chromatographed on an alumina column (5 x 15 
cm) with 10 % ether/light petroleum to give a mixture of 
methyl Z- and E-3-(2'-benzofuranyl)crotonate (68) and 
(69) (1.05 gm, 58 %) as a pale yellow oil in which cryst al5 
of the Z-isomer slowly formed. 
Found (mixture): C, 72.43; H, 5. 54%. c13H12o3 requires 
C, 72.21; H, 5.59%. 
vmax (mixture) (liquid film): 1722 (C=O), 1615 (C=C). 
Amax (mixture): 219 (e: = 9200), 237(5300), 313(2750 0) , 
323sh(24300). 
P.m.r. (i) Z-isomer 
8 2.55 (3H, d, J = 1.5 Hz, methyl protons), 3.82 
(3H, s, ester methyl protons), 6.72 (lH, bs, olefinic 
proton), 7.04 (lH, s, proton 3), 7.21-7.76 (4H, m, aromatic 
protons). 
(ii) E-isomer 
o 2.23 (3H, d, J = 1.5 Hz, methyl protons), 3.77 
(3H, s, ester methyl protons), 5.95 (lH, bs, olefinic 
proton), 7.10-7.70 (SH, m, proton 3 and aromatic protons ). 
fass spectrum (mixture): m/e 217(20%), 216(M+,100), 201 
(18), 196(22), 195(92), 194(25), 173(8), 159(6), 158 (30), 
157 ( 12), 156(14), 155(12), 148(5), 145(15), 143(6), 142 
(15), 131(11), 129(26), 128(55), 127(36), 126 (10) , 118(17), 
115 (16), 114(10), 113(8), 108(10), 103(10), 102(19), 101 
(9) , 92.5(18), 91(8), 90(8), 89(19), 88(10 ) , 87(11), 86(5), 
78 ( 10 ) , 77(23), 76(11), 75(15), 74(10), 65.5(7), 65(10), 
..... 
64.5(14), 64(23), 63.5(14), 63(35), 62(19), 59(7), 53(5), 
52(10), 51(32), 50(16). 
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cis-N-Phenyl-3-carbomethoxy-4-hydroperoxy-4-methyl-1,2,3,4-
tetrahydrodibenzofuran-l,2-dicarboximide (71) 
(i) A mixture of methyl Z- and E-3-(2'-benzofuranyl)crot-
onate (68) and (69) (1.00 gm) and N-phenylmaleimide (0.90 
gm) was refluxed in benzene (20 ml) for 66 hours. The 
volume was halved and the colourless crystals of the 
hydroperoxide (71) which formed were filtered off (0.66 gm, 
3 5 % ) • 
m.p. 190-191°. 
Found : C , 6 5 . 8 7 ; H , 4 . 41 ; N , 3 . 31 % • C z 3 H l 9 0 7 N re q u 1 res 
C, 65.55; H, 4.54; N, 3.32%. 
vmax= 3398 (OH), 1782, 1710 (imide C=O), 1742 (ester C=O). 
Amax 252(€ =12000), 273(4500), 285(4000). 
P.m.r.: o 1.98 (3H, s, methyl protons), 3.68 (3H, s, ester 
methyl protons), 3.73 (lH, dd, J = 8.0, 1.8 Hz, proton 2), 
4.35 (lH, d, J = 1.8 Hz, proton 3), 4.69 (lH, d, J = 8.0 
Hz, proton 1), 7.12-7.54 (8H, m, aromatic protons), 7.92-
8.02 (lH, m, proton 9), 8.56 (lH, s, -OOH proton). 
Mass spectrum: m/e 42l(M+,10%), 407(8), 406(26), 405(100), 
404(6), 403(9), 391(6), 390(16), 389(12), 388(28), 387(17), 
386(5), 385(12), 374(5), 363(5), 362(6), 360(7), 359(19), 
358(66), 357(15), 356(42), 355(7), 354(8), 353(13), 346(7), 
345(9), 332(8), 331(7), 330(15), 329 (13), 328(10), 327(9), 
303(8), 302 (13), 267(6), 241 (7), 240(11), 232 (11), 227(6), 
226(6), 211(11), 210(6), 209(17), 208(7), 201(7), 200(19), 
199(7), 198(7), 197(10), 185(12), 184 (26), 183(17), 182 (19), 
181 (25), 180(8), 173(8), 172(13), 169 (6), 168(6), 156(6), 
155(17), 153(6), 152(11), 151(5), 146(5), 141(5), 129(5), 
..... 
I 
I 
I 
I 
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128(9), 127(10), 126(6), 120(7), 119(12), 115(8), 113 ( 7) , 
102(5), 93(7), 91(10), 78(10), 77(13), 65(5), 64(6), 59 (11), 
51(7), 44(5), 43(22). 
(ii) A mixture of methyl Z- and E-3-(2'-benzofuranyl)crot -
onate (68) and (69) (3.80 gm) and N-phenylmaleimide (3.3 gm) 
were refluxed in benzene (40 ml) under N2 for 70 hours. 
Oxygen was bubbled through the crude reaction mixture 
(1.46 gm) for 66 hours. The white crystalline product 
which formed was filtered off and shown to be identical 
to the hydroperoxide (71) isolated previously (194 mg). 
The filtrate was reduced in volume and on standing for 
24 hours crystallised into a solid mass. 
N-Phenyl-3-carbomethoxy-4-methyldibenzofuran-1,2-dicarb-
oximide (72) 
N-Phenyl-3-carbomethoxy-4-hydroperoxy-4-methyl-
1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboximide (71) 
(194 mg) and 2,3-dichloro-5,6-dicyano-l,4-benzoquinone 
(500 mg) were refluxed in benzene (20 ml) for 3 days. 
The mixture was reduced in volume and the residue 
chromatographed on an alumina column (5 x 15 cm) with 
ether to give the product (72) (SO mg, 28%). 
m.p. 200-201° (Recrystallised from benzene/cyclohexane. ) 
Found: C, 71.83; H, 3.94; N, 3.56%. c23H15o5N requires 
C, 71.68; H, 3.92; N, 3.64%. 
vmax: 1768 (ester C=O), 1720 (imide C=O), 1602, 1594 
1493 (C=C). 
Amax: 22l(E: = 24500), 263(28800), 271(28800), 344(8500 ) . 
P.m.r.: cS 2.70 (3H, s, methyl protons), 4.06 (3H, s, 
ester methyl protons), 7.36-7.67 (8H, m, aromatic protons) , 
8.74-8.82 (lH, m, proton 9). 
..... 
I' 
'I 
+ Mass spectrum: m/e 386(26%), 385(M ,93), 355(9), 354 ( 49) , 
353(100), 326(9), 325(13), 283(6), 208(6), 207(7), 206(5 ) , 
180(17), 179(14), 152(6), 151(6), 150(8), 77(6) with 
metastable peaks at 323.7, 299.2. 
2-(3'-Benzofuranyl)but-l-ene (74) 
86 
Methyltriphenylphosphonium bromide (9.2 gm) and 
sodium ethoxide (1.5 gm) in 1:1 ether/dimethyl formamide 
(SO ml) were stirred under N2 for 15 minutes. 3-Propionyl-
benzofuran62 (3.0 gm) in the same solvent (20 ml) was then 
added and stirring continued for 1 hour. The reaction 
mixture was poured into water and extracted several times 
with ether. The combined ethereal extract was washed 
(H 20), dried (MgS04), reduced in volume and chromatographed 
on an alumina column (5 x 15 cm) with 10% ether/light 
petroleum to give the olefin (74) (179 mg, 6%) as a light 
yellow oil. 3-Propionylbenzofuran (46 mg) was recovered. 
N-Phenyl-l-ethyl-2,3,4,4a-tetrahydrodibenzofuran-3,4-
dicarboximide (78) 
2-(3'-Benzofuranyl)but-l-ene (74) (179 mg) and 
N-phenylmaleimide (180 mg) were refluxed in benzene (20 
ml) under N2 for 84 hours. The reaction mixture was 
reduced in volume, applied to a thick layer plate and 
eluted with 70% ether/light petroleum to yield the 
2,3,4,4a-tetrahydro compound (78) (148 mg, 41 %). 
m.p. 198-204°. 
Found: Mol. wt. 345.1361. c22 H19o3N requires: Mol. wt. 
345.1365. 
vmax: 1774, 1714 (C=O), 1606, 1598, 1590, 14 95 (C=C ) . 
Amax: 227(E = 15900), 234sh(l2800), 259(8800 ) , 269(67 00) , 
--
302sh(4700), 314(9300), 328(10600). 
P.m.r.: o 1.10 (3H, t, J = 7.8 Hz, methyl protons), 2.18-
2.70 (3H, m, proton 2 and methylene protons), 2.98 (lH, 
87 
dd, J = 15.5, 2.0 Hz, proton 3), 3.26 (lH, m, J = 8.8, 6.6, 
2.0 Hz, proton 3), 3.83 (lH, dd, J = 8.8 and 7.7 Hz, proton 
4), 5.16 (lH, two bq, J = 7.7, 2.0 Hz, proton 4a), 6.80-
7.50 (9H, m, aromatic protons). 
Mass spectrum: m/e 346(26%), 345(M+,100), 330(11), 317(11), 
316(45), 198(19), 197(9), 183(15), 181(10), 174(12), 173(5), 
172.5(5), 172(19), 171(5), 170(11), 169(69), 168(7), 165(10), 
152(5), 141(8), 129(5), 128(7), 115(11), 91(6), 78(42), 77 
(13), 52(7), 51(9), 50(6) with metastable peaks at 315.6, 
289.4, 144.2. 
ois-N-Phenyl-l-ethyl-l-hydroperoxy-1,2,3,4-tetrahydrodi-
benzofuran-3,4-dicarboximide (79) 
Oxygen was bubbled through a solution of the 2,3,4,4a-
tetrahydro compound (78) (120 mg) in benzene for 14 days. 
The reaction mixture was reduced in volume and applied to 
a thick layer plate and eluted with 10% acetone/benzene. 
Recovered 2,3,4,4a-tetrahydro compound (78) (26 mg) and 
the hydroperoxide (79) were the major products isolated. 
The hydroperoxide was further purified by thick layer 
chromatography using the same solvent system as above 
( 2 3 mg , 2 2 % ) . 
m.p. 151° (dee.) (Kofler). 
Found: Mal.wt. 377.1263. c22H19o5N requires Mel.wt. 
377.1263. 
vmax: 3395 (OH), 1776, 1708 (C=O), 1616, 1599 (C=C). 
Amax (CHC1 3): 264(€ = 9800), 273(7300), 285(5700). 
P.m.r.: o 0.98 (3H, bt, J = 7.0, 8.0 Hz, methyl protons), 
2.10 (lH, dd, J = 15.0, 6.2 Hz, proton 2), 2.55 (2H, 
bq, methylene protons), 3.00(lH, dd, J = 15.0, 2.4 Hz, 
proton 2), 3.59 (lH, m, J = 8.5, 6.2, 2.4 Hz, proton 3), 
4.44 (lH, d, J = 8.5 Hz, proton 4), 7.11-7.77 (9H, m, 
aromatic protons), 8.43 (lH, bs, -OOH proton). 
Mass spectrum: + m/ e 3 7 7 ( M , 12 % ) , 3 6 2 ( 5) , 3 61 ( 2 4) , 3 5 9 ( 8) , 
88 
348(9), 347(5), 345(5), 344(16), 343(12), 342(12), 341(46), 
333(24), 332(100), 331(25), 305(9), 297(12), 282(9), 213 
(5), 212(8), 211(9), 201(10), 200(20), 199(6), 197(13), 
196(15), 195(5), 194(5), 186(9), 185(60), 184(72), 183(5), 
182(5), 181(21), 179(12), 174(5), 173(11), 171(5), 169(11), 
168(7), 167(10), 165(9), 157(13), 156(16), 155(12), 152(7), 
150(5), 149(20), 146(6), 141(8), 139(9), 134(7), 133(7), 
131(6), 129(12), 128(35), 127(14), 126(5), 121(7), 120(11), 
119(25), 118(6), 117(7), 116(5), 115(13), 113(7), 111(6), 
109(5), 105(9), 103(6), 102(11), 101(19), 99(15), 98(6), 
97(8), 95(7), 93(8), 92(6), 91(18), 89(6), 87(6), 85(11), 
84(6), 83(11), 82(5), 81(8), 80(5), 79(7), 78(23), 77(23), 
76(6), 75(7), 73(8), 71(21), 70(7), 69(15), 67(6), 65(10), 
64(7), 63(8), 60(8), 59(60), 58(24), 57(55), 56(18), 55 ( 28), 
51(13), 50(7), 45(20), 44(7), 43(87), 42(9), 41(39) with 
metastable peaks at 305.3, 267.8, 258.7, 133. 
4-Methyl-l,2,3,9b-tetrahydrodibenzofuran-l,2-dicarboxyl i c 
anhydride (80) 
2-Isopropenylbenzofuran (1.36 gm) and maleic anhyd-
ride (0.84 gm) were refluxed under N2 1n dry benzene (25 
ml) for 4 days. The reaction mixture was cooled and the 
resulting solid filtered off and rapidly recrystallised 
from benzene/light petroleum to give the l,2,3,9b-tetrahyd ro 
product (80) (1. 35 gm, 61%). 
m.p. 113-114° (lit. 38 114.5). 
l,2,3,9b-Tetrahydrodibenzofuran-l,2-dicarboxylic acid 
anhydride (81) 
2-Vinylbenzofuran (2.3 gm) and maleic anhydride 
(1.65 gm) were refluxed in degassed benzene (40 ml) under 
' 2 for 60 hours. The reaction mixture was cooled, the 
volume halved and the resulting crystals of the l,2,3,9 b-
tetrahydro compound (81) (1. 6 gm) were filtered off. The 
filtrate was further reduced in volume and a second crop 
of this compound (0.3 gm) was obtained. (Total yield 1.9 
gm, 4 9 % • ) 
m.p. 160-1°. 
Found: C, 69.87; H, 4.18%. c14H10o4 requires C, 69.42; 
H, 4.16%. 
vmax: 1840, 1778 (C=O), 1690, 1614, 1600 (C=C). 
Amax (CHC1 3): 281(€ = 1800), 288(1900). 
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P.m.r.: cS 2.23 (lH, m, proton 3b), 3.04 (lH, m, proton 3a), 
3.52 (lH, m, proton 2), 3.91-4.20 (2H, m, protons 1 and 
9b), 5.44 (lH, m, proton 4), 7.02-7.60 (4H, m, aromatic 
protons). 
Mass spectrum: m/e 243(6%), 242(M+,33), 170(11), 169(31), 
168(5), 145(12), 144(100), 141(10), 139(5), 115(23), 51 (5) 
with metastable peaks at 189.2, 118, 93.8, 85.7. 
4-Phenyl-l,2,3,9b-tetrahydrodibenzofuran-l,2-dicarboxyl ic 
acid anhydride (82) 
2-(a-Phenylvinyl)benzofuran (3.3 gm) and maleic 
Jnhydride (1 .4 7 gm) were refluxed in degassed benzene (40 
ml) under N2 for 60 hours. The mixture was allowed to 
cool and crystals of the l,2,3,9b-tetrahydro compound (82) 
(2 .3 gm) were filtered off. The filtrate ~as reduced in 
volume and a second crop of this compound (300 mg) was 
--
obtained. Total yield 2. 6 gm, 55%. 
m.p. 166-168° (Recrystallised from benzene). 
Found: C, 75.42; H, 4.72%. c20H14o4 requires: C, 75.46; 
H, 4.43%. 
90 
vmax: 1843, 1777 (C=O), 1674, 1614, 1597, 1499, 1480 (C=C). 
t\ max ( CH C 1 3 ) : 2 7 1 ( E = 1 6 3 0 0 ) , 2 9 2 ( 1 0 4 0 0 ) . 
P.m.r. (d6DMSO): cS 2.61 (lH, ddd, J = 15.2, 5.8, 2.0 Hz, 
proton 3b), 3.27 (lH, dd, J = 15.2, 2.0 Hz, proton 3a), 
3.86 (lH, m, J = 5.8, 2.0 Hz, proton 2), 4.26-4.55 (2H, 
m, protons 1 and 9b), 7.11-7.77 (9H, m, aromatic protons). 
+ Mass spectrum: m/e 318(M ,21%), 246(7), 245(11), 220(24), 
79(8), 78(100), 77(20), 76(6), 74(5), 52(18), 51(19), so 
(15) with a metastable peak at 264.5. 
6-Methyl-3-oxo-3,3a,4,5-tetrahydrobenzofuro[2,3-h]-l,2-
benzodioxole-4-carboxylic acid (84) 
Dry oxygen was bubbled through a solution of 4-
methyl-l,2,3,9b-tetrahydrodibenzofuran-l,2-dicarboxylic 
acid anhydride (80) (507 mg) in benzene (150 ml) at 60° 
for 22 hours. Removal of the solvent gave a yellow gum 
which was taken up in hot benzene (10 ml). The yellow 
solid which precipitated almost immediately was filtere d 
off and identified as the l,2,3,9b-tetrahydroperoxyl-
actone (84) (80 mg). 
m.p. 202-3° .. 
Found: C, 62.15, H, 4.24%. c15H12o6 requires C, 62.50; 
H, 4.20%. 
vmax: 3600-2400 (OH); 1807, 1715 (C=O); 1623, 1600 (C=C). 
t\max (CHC1 3): 278(E = 2300), 286(2100). 
P.m.r. (CDC1 3/2 drops d6DMSO): cS 1.64 (3H, s, methyl 
protons), 2.21 (lH, dd, J = 15.8, 5.6 Hz, proton 3b), 
........ 
--
2.53(1H, dd, J = 15.8, 2.0 Hz, proton 3a), 2.95 (lH, dd, 
J = 5. 6, 2. 0 Hz, proton 2), 3.17 (lH, s, proton 1), 6. 96-
7. 50 (4H, m, aromatic protons). 
Mass spectrum: + m/e 288 (M , 6%), 256 (7), 252 (12), 241 (6), 
91 
228(6), 227(8), 226(40), 209(13), 208(8), 201(5), 200(9), 
199(11), 198(6), 197(5), 191(20), 185(7), 184(13), 183(30), 
182(100), 181(89), 180(13), 177(5), 174(5), 173(26), 172(7), 
171 (9), 170 (5), 169(25), 168 (6), 158 (9), 155 (6), 153 (10), 
152(25), 151(10), 150(7), 147(9), 145(7), 144(5), 141(7), 
139(7), 131(5), 128(5), 127(8), 126(10), 125(6), 121(10), 
115(18), 113(5), 102(7), 101(5), 99(5), 98(17), 92(5), 
91(16), 90. 5(7), 89(8), 87(5), 86(5), 78(30), 77(17), 76 
(25), 75 (11), 74 (8), 69 (12), 65 (6), 64 (8), 63 (20), 62 (6), 
55(14), 54(10), 53(5), 52(9), 51(21), 50(12), 44(51), 
43(46), 41(14). 
The filtrate was then allowed to stand at room 
temperature for several weeks during which two further 
crops of the peroxylactone (84) were obtained. Total 
yield 160 mg, 28%. 
In a second experiment autoxidation of the l,2,3,9b-
tetrahydro compound (80) (294 mg) in benzene (150 ml) 
using a similar procedure gave a 46% yield of the 
peroxylactone (84). 
~!ethyl 6-methyl-3-oxo-3,3a,4,5-tetrahydrobenzofuro[2,3- h ]-
l,2-benzodioxole-4-carboxylate (85) 
Excess diazomethane in ether was added to a solution 
of the peroxylactone (84) (40 mg) in acetone (20 ml) and 
the mixture stood at room temperature for 10 minutes. 
Residual diazomethane was destroyed with acetic acid and 
the reaction mixture was reduced in volume, washed several 
, 
times with water, dried (MgS0 4 ) and the solvent removed. 
Recrystallisation of the residue from b enzene/cyclohexane 
gave colourless crystals of the methyl ester (85). 
m.p. 157-158°. 
Foun<l: C, 63.40; H, 4.63%. c16H14o6 requires C, 63.57; 
lI, 4.67 %. 
vmax: 1808, 1741 (C=O); 1621, 1601 (C=C). 
Amax (CHC1 3): 280(c = 2300), 287(2100). 
P.m.r.: cS 1.63 (3H, s, methyl protons), 2.18 (lH, d<l, 
J = 16 . 0, 6 . 0 Hz , proton 3 b) , 2 . 61 ( 1 H, dd, J = 16. 0, 
2.5 Hz, proton 3a), 3.00 (lH, dd, J = 6.0, 2.5 Hz, proton 
2), 3. 23 (lH, s, proton 1), 3. 82 (3H, s, methoxyl protons), 
6.98-7.63 (4H, m, aromatic protons). 
Mass spectrum: m/e 303(25%), 302(M+,100), 244(8), 243(7), 
242(12), 231(5), 226(6), 217(5), 216(6), 215(14), 214(7), 
205(15), 202(10), 201(10), 199(44), 198(11), 197 (9) , 189 
(13), 187(8), 186(21), 185(7), 184(6), 181(5), 177(7), 
176(14), 174(10), 173(75), 172(8), 171(17), 169(9), 161(5), 
158(5), 155(5), 153(8), 152(5), 150(8), 149(47), 147(9), 
146(5), 145(17), 144(5), 141(7), 131(10), 130(5), 128(17), 
127(24), 126(82), 122(9), 121(59), 120(19), 115(21 ) , 11 4 
(38), 113 (26), 109 (6), 105 (10), 104 (5), 103 (6), 102 (9 ) , 
101(5), 99(6), 98(19), 95(10), 93(11), 92(27), 91(9), 
89(8), 77( 18), 76(12), 75(7), 70(5), 69(66 ) , 67(12), 66 ( 7) , 
65 (19), 64 ( 11), 63 (12), 59 (23), 55 (21), 53 (9) , 51 (10), 
50(6), 44(11), 43(53), 42(6), 41(59). 
4-Me th y ldibenzofuran-1,2-dicarboxylic acid anhydride (9 2 ) 
A mixture of 2-isopropenylbenzofuran (650 mg) an tl 
maleic anhydride (403 mg) in benzene ( 15 ml) was refluxed 
for 3~ days. The yellow solid thus formed was filtered 
--
off and recrystallised from ethyl acetate to give the 
dibenzofuran (92) (61 mg, 6%). 
m.p. 255-6°. 
Found: C, 71.48; H, 3.21%. c15H8o4 requires: C, 71.43; 
H, 3.20%. 
vmax= 1840, 1816, 1775 (split) (C=O), 1607 (C=C). 
Amax (CHC1 3): 262(£ = 23700), 272(24700), 284(19900), 
341(8100). 
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Mass spectrum: m/e 253(17%), 252(M+,100), 209(6), 208(40), 
182(5), 181(10), 180(49), 179(9), 152(8), 151(9), 150(6), 
126(6), 104(10), 76(19), 74(7), 63(10), 44(10) with meta-
stable peaks at 171.7 and 155.8. 
The filtrate from the reaction mixture was 
evaporated to dryness and the infrared spectrum of the 
solid thus obtained indicated the presence of a large 
amount of acid(s) so this product was discarded. 
2-Acetyl-3-hydroxybenzofuran 39 
Chloroacetone (42 ml) was added to a mixture of 
anhydrous potassium carbonate (105 gm) and methyl salicylate 
(45.5 ml) in dimethyl formamide (350 ml) and the reaction 
mixture stirred at room temperature for 16 hrs. The 
reaction mixture was then diluted with water, acidified 
(cone. HCl), and extracted several times with ether. The 
combined ethereal extract was washed with water and 
extracted several times with lN aq. potassium carbonate. 
The combined carbonate washings were acidified (cone. HCl), 
cooled in the refrigerator and the crude 2-acetyl-3-hydroxy-
benzofuran (9.5 gm) was filtered off and dried. 
The ethereal extract from above was further extr acted 
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several times with 2M aq. sodium hydroxide, washed (H 20 ) , 
dried (MgS0 4) and reduced in volume to give 2-acetyl-3-
acetonyloxybenzofuran (15.7 gm, 19%) with p.m.r. identical 
to that of an authentic sample. 39 
The combined hydroxide extract from above was 
acidified and extracted several times with ether. The 
combined ethereal extract was washed (H 20) and extracted 
several times with lN aq. potassium carbonate. The 
combined carbonate extract was treated as previously des-
cribed to yield further 2-acetyl-3-hydroxybenzofuran (12.2 
gm). Total yield 21. 7 gm, 35%, m.p. 90=91 ° (lit.108 90-92°). 
3-Acetonyloxy-2-acetylbenzofuran exhibited 
P.m.r. (CDC1 3): o 2.28, 2.60 (6H, twos, methyl protons), 
5.15 (2H, s, methylene protons), 7.28-7.92 (4H, m, aromatic 
protons). 
2-Acetyl-3-methoxybenzofuran 
2-Acetyl-3-hydroxybenzofuran (21.7 gm) in ether 
(100 ml) was treated with excess ethereal diazomethane 
and the mixture stood at room temperature for 18 hrs. 
The ether was then removed to give 2-acetyl-3-methoxy-
benzofuran (quantitative) with p.m.r. identical with that 
of an authentic sample. 39 This product was used in the 
following reaction without further purification. 
P.m.r. (CDC1 3): o 2.58 (3H, s, acetyl protons), 4.33 (3H, 
s, methoxyl protons), 7.13-7.96 (4H, m, aromatic protons). 
2-Isopropenyl-3-methoxybenzofuran (102) 
Methyltriphenylphosphonium bromide (17.1 gm) and 
sodium hydride (2.3 gm) were stirred under N2 in 1:1 
ether/dimethyl formamide for 15 min at room temperature. 
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2-Acetyl-3-met~oxybenzofuran (7.1 gm) was then added and 
the mixture stirred for 1 hr. Excess sodium hydride was 
destroyed with ethanol and the mixture diluted with water 
and extracted several times with ether. The combined 
ethereal extract was washed (H 20), dried (MgS0 4), reduced 
in volume and chromatographed on an alumina column (5 x 15 
cm) with 5% ether/light petroleum to give the product (102) 
as a yellow oil (3.13 gm, 45%) with p.m.r. identical to 
that of an authentic specimen. 39 
When the reaction was repeated using sodium ethoxide 
as base the yield was raised to 80%. 
P.m.r. (CC1 4): o 2.18 (3H, m, methyl protons), 3.91 (3H, 
s, methoxyl protons), 5.06 (lH, m, B-vinyl proton), 5.66 
(lH, m, B'-vinyl proton), 6.98-7.58 (4H, m, aromatic protons). 
N-Phenyl-4-methyl-l,2-dihydrodibenzofuran-1,2-dicarboximidc 
(104) 
2-Isopropenyl-3-methoxybenzofuran (800 mg) and 
N-phenylmaleimide (736 mg) were refluxed in benzene (20 ml) 
for 86 hours and the reaction mixture allowed to cool. 
The resultant white precipitate was filtered off and 
identified as the bis-adduct (106) (1. 06 gm, 91%). 
m.p. 281-282°. 
Found: C, 73.92; H, 4.41; N, 5.38%. c31 H22 o5N2 requires 
C, 74.09; H, 4.41; N, 5.58%. 
v max: 177 4 , 1 71 7 ( C = 0) , 1616, 15 9 9 ( C = C) . 
\nax (CHC1 3): 288 (E: = 1900). 
r.m. r.: o 1. 92 (3H, s, methyl protons), 3. 09-3. 50 (4H, m, 
methine protons), 4.03 (lH, bt, proton 3), 7.01-7.68 (14H, 
m, aromatic protons). 
lass spectrum: + ml e 5 0 2 ( M , 10 % ) , 3 3 0 ( 1 7) , 3 2 9 ( 7 2) , 18 3 ( 14) , 
182(100), 181(35), 152(5), 123(7), 111(7), 109(9), 97( 11) , 
95(12), 91(5), 85(5), 83(11), 81(11), 78(15), 77(7), 71 
(9), 69(15), 67(7), 58(17), 56(18), 43(15), 41(12) with 
metastable peaks at 215.6, 100.7. 
The filtrate was reduced in volume, applied to 4 
thick layer plates and eluted with 1:1 ether/light petrol -
eum. Separation was very poor so all material was removed 
from the plates, reapplied to 2 thick layer plates and 
eluted twice with benzene to yield N-phenyl-4-methyl-1,2-
dihydrodibenzofuran-l,2-dicarboximide (104) (64 mg, 5%) 
as a yellow solid after recrystallisation from benzene/ 
cyclohexane. 
m.p. 171-2°. 
Found : C , 7 6 . 4 6 ; H , 4 . 7 5 ; N , 3 . 9 7 % . CZ l H l 5 0 3 N re q u 1 res 
C, 76.58; H, 4.59; N, 3.97%. 
vmax: 17 76, 1714 (C=O), 1601, 1506 (C=C). 
Amax: 242sh(s = 10300), 298sh(l0100), 305(12200), 312sh 
(9900), 328sh(5500). 
P.m.r.: o 2.13 (3H, t, J = 1.7 Hz, methyl protons), 4.10 
(lH, m, J = 13.0, 4.5 Hz, proton 2), 4.54 (lH, d, J = 13.0 
Hz, proton 1), 5.82 (lH, bdd, J = 4.5, 1.7 Hz, proton 3) , 
7.15-7.58 (8H, m, aromatic protons), 7.90-8.06 (lH, m, 
proton 9). 
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Mass spectrum: m/e 330(10%), 329(M+,44), 327(6), 183(14 ) , 
182(100), 181(40), 152(10), 91(5), 84(15), 78(52), 77(1 2) , 
76(5), 69(6), 63(5), 57(5), 56(21), 55(10), 52(11), 51(14), 
50(9), 44(5), 43(5), 42(6), 41(17) with a metastable peak 
at 100.7. 
N-Phenyl-4-methyldibenzofuran-1,2-dicarboximide (1 05) 
The l,2,3,9b-tetrahydro compound (56) (500 mg) and 
2,3-dichloro-5,6-dicyano-l,4-benzoquinone (690 mg) were 
refluxed in benzene (30 ml) for 12 hours and the mixture 
was then chromatographed on an alumina column (5 x 10 cm). 
P.m.r. of the eluent revealed the presence of the dihydro-
dibenzofuran (104) as well as the dibenzofuran (105) so 
the crude product was taken up in benzene and refluxed 
with a further portion of 2,3-dichloro-5,6-dicyano-l,4-
benzoquinone (800 mg). After 48 hours the solvent was 
reduced in volume and the residue chromatographed on an 
alumina column (5 x 10 cm) with ether and then chloroform. 
Removal of the solvent and recrystallisation of the 
residue from benzene gave the dibenzofuran (105) (74 mg, 
15 % ) • 
m.p. 236-7°. 
Found : C , 7 6 . 5 9 ; H , 4 . 51 ; N , 4 . 2 6 % . C z l H l 3 0 3 N re q u 1 res 
C, 77.05; H, 4.00; N, 4.28%. 
vmax= 1767, 1708 (C=O). 
>..max (CHC1 3): 269 (£ = 28300), 277sh(25300), 343(7800). 
P.m.r.: cS 2.78 (3H, s, methyl protons), 7.32-7.91 (lOH, 
m, aromatic protons). 
Mass spectrum: m/e 328(24%), 327(M+,100), 284(6), 283(30), 
282(13), 180(12), 179(7), 163.5(8), 152(5), 151(7), 150(5), 
78(16), 77(8), 51(5), 44(5) with a metastable peak at 
244.9. 
Thermal decomposition of cis- and trans-N-Phenyl-4-
hydroperoxy-4-methyl-1,2,3,4-tetrahydrodibenzofuran-l,2-
dicarboximide (59) and (58) 
A sample of each of the isomers (58) and (59) in 
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<leuterochloroform was sealed in a p.m.r. tube and heated 
in an oven at 106°. The progress of the reaction was 
followed by allowing the samples to cool and recording 
the p.m.r. spectra at set intervals. The reaction was 
interpreted by observing the disappearance of signals 
at o 1.89 (methyl of ais-isomer (59)) and o 1.72 (methyl 
of trans-isomer (58)) and the appearance of signals at 
o 2.13 (methyl of N-phenyl-4-methyl-1,2-dihydrodibenzofuran-
l,2-dicarboximide (104)) and o 2.78 (methyl of N-phenyl-
4-methyldibenzofuran-1,2-dicarboximide (105)). 
(i) cis-Isomer (59). 
After~ hour the sample appeared to be a 1:1 mixture 
of the cis-isomer (59) and the trans-isomer (58). After 
1 hour the trans-isomer (58) was the major component, very 
little of the cis-isomer (59) remained and both the 1,2-
dihydro compound (104) and the fully aromatic species (105) 
were present. After 2 hours the ais-isomer (59) had 
disappeared and the trans-isomer (58) was still the major 
component. The proportion of the fully aromatic species 
(105) had increased, that of the 1,2-dihydro compound (104) 
had remained constant. After 4 hours the proportion of the 
fully aromatic species had increased; the trans-isomer (58 ) 
was still the major component. After 11 hours the fully 
aromatic species (105) was the maJor component and the 
trans-isomer (58) was still present. On further heating 
the proportion of the fully aromatic species (105) increased 
until after 33 hours (105) was the only species present. 
(ii) trans-Isomer (58). 
After~ hour the trans-isomer (58) had disappeared; 
the 1,2-dihydro compound (104) had appeared and the major 
component was the fully aromatic species (105). The 
spec tra meusurcJ 0 fte r 1, 2 and 4 hours each showed an 
1ncrc~se in the proportion of the fully aromatic species 
(105) at the expense of the 1,2-dihydro compound (104). 
After 11 hours the 1,2-dihydro compound (104) had nearly 
disappeared and after 33 hours the fully aromatic (105) 
was the only species present. 
(iii) A mixture of the stereoisomeric hydroperoxi<le s (58) 
and (59) (163 mg) in chloroform (5 ml) was heated in a 
sealed tube at 90° for 4 hours and the tube was then opened 
and the solvent removed. P.m.r. of the product indicated 
a mixture of the 1,2-dihydro compound (104) and the fully 
aromatic species (105). The crude product was triturat ed 
with warm benzene (15 ml) and the insoluble material was 
found, by p.m.r. and t.l.c., to be identical wi th an 
authentic sample of the fully aromatic species (105). 
The benzene-soluble material was applied to a thick layer 
plntc and eluted with 70% ether/light petroleum to yield 
n ~mall amount of a yellow solid identical, by p.m.r. and 
t.l.c., to an authentic sample of the 1,2-dihydro compound 
( 104) . 
4-Methyl-1,2,3,4-tetrahydrodibenzofuran-l-carboxyl ic 
a cid (94) 
2-Isopropenylbenzofuran (2.44 gm) and acrylic acid 
(1.11 gm) Kere refluxed in benzene (25 ml) under N2 for 
- ,.., } 
, :.. 1o urs. The reaction mixture was washed (H 20), dried 
lMgS0 4) , the benzene removed under reduced pres sure and 
the r esidue recrystallised from ether/light petroleum to 
g ive the 1, 2 ,3,4 - tetrahydro product (94) (1 . 02 gm, 29%) 
as white crystalline solid. 
m.p. 144-145°. 
Found: C, 73.46; H, 6.15%. c14H14o3 requires: C, 73. 02; 
H, 6.13%. 
vmax= 3350-2350 (OH), 1705 (C=O). 
Amax= 252(£: = 12400), 277(3800), 284(3400). 
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P.m.r.: cS 1.27 (3H, d, J = 6.8 Hz, methyl protons), 1.60-
2.38 (4H, m, methylene protons), 2.75-2.95 (lH, bq, proton 
4), 3.67-3.75 (lH, bs, proton 1), 7.00-7.50 (4H, m, aromatic 
protons). 
Mass spectrum: m/e 231(15%), 230(M+,50), 215(16), 213(5), 
187(5), 186(19), 185(100), 184(7), 183(11), 182(5), 181(5), 
171(5), 170(14), 169(26), 168(10), 166(5), 158(11), 157(10), 
153(6), 152(8), 145(5), 144(5), 142(7), 141(13), 139(7), 
131(7), 129(9), 128(10), 127(7), 115(16), 102(5), 91(9), 
89(6), 77(7), 65(5), 63(6), 55(6), 51(6), 45(8), 44(6), 
43(7), 41(5) with a metastable peak at 148.8. 
Attempted autoxidation of 4-methyl-1,2,3,4-tetrahydrodi-
benzofuran-l,2-carboxylic acid (94) 
The 1,2,3,4-tetrahydro compound (94) (510 mg) in 
benzene (20 ml) was treated with oxygen for 72 hours. 
Removal of the solvent gave only recovered starting 
material. 
Autoxidation of the product from the reaction of 
2-isopropenylbenzofuran and methyl vinyl ketone 
2-Isopropenylbenzofuran (3.9 gm) and methyl vinyl 
ketone (2.6 gm) were refluxed in degassed benzene (30 ml) 
under N2 for 4 days. The volume was increased to 50 ml 
and the reaction mixture was treated with bubbling oxygen 
for 4 days. A portion of this mixture was reduced 1n 
volume and the yellow oil thus obtained (1.7 gm) was 
applied to several thick layer plates and eluted with 50% 
ether/light petroleum. Two major products were obtained, 
a high Rf alcohol (96A) (268 mg, 16%) and a low Rf alcohol 
(96B) (190 mg, 11%). 
The high Rf l-acetyl-4-hydroxy-4-methyl-1,2,3,4-
tetrahydrodibenzofuran (96A) exhibited: 
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Found: Mol.wt. 244.1100. c15H16o3 requires Mol.wt. 244.1099. 
vmax (liquid film): 3360 broad (OH); 1708 (C=O). 
Amax: 253(E = 9700), 278(3700), 285(3400). 
P.m.r.: cS 1.62 (3H, s, methyl protons), 1.92-2.50 (9H, m, 
acetyl protons and protons 2,2' ,3,3' and hydroxyl proton), 
2.19 (s, acetyl protons superimposed on multiplet), 3.66-
3.85 (lH, m, proton 1), 7.15-7.56 (4H, m, aromatic protons). 
Mass spectrum: m/e 244(M+,9%), 202(5), 201(32), 186(5), 
185(9), 184(11), 183(35), 181(6), 173(6), 169(5), 168(7), 
159(10), 157(5), 145(6), 131(6), 128(8), 120(9), 119(9), 
115(8), 106(7), 105(22), 91(16), 87(9), 79(11), 78(100), 
77(26), 76(7), 75(5), 74(6), 63(7), 59(8), 57(20), 55(6), 
52(20), 51(23), 50(17), 45(8), 43(70), 41(11). 
The isomeric low Rf alcohol (96B) exhibited: 
F o un d : C , 7 3 . 8 0 ; H , 6 . 9 9 % . C 1 5 H 1 6 0 3 re qui re s : C , 7 3 . 7 5 ; 
H, 6.60%. 
vmax(liquid film): 3415 broad (OH); 1708 (C=O). 
Amax: 250(E = 10300), 277(3300), 284(330 0). 
P.m.r.: cS 1.63 (3H, s, methyl protons), 1.93-2.30 (7H, m, 
acetyl protons and protons 2,2' ,3,3'), 2.18 (s, acetyl 
protons superimposed on multiplet), 2.89 (lH, bs, hydroxyl 
proton), 3.74 (lH, m, proton 1), 7.21-7.56 (4H, m, aromatic 
protons). 
Mass spectrum: + m/e 244 (M , 15%), 202 (6), 201 (37), 186 (5), 
185( 7) , 184(8), 183(27), 173(5), 168(6), 159 (10) , 157(5), 
141(5), 134(7), 131(5), 129(5), 128(9), 120(14), 119(1 7) , 
11 7 C 7) , 11 5 C 9 ) , 1 o 6 C 9 ) , 1 o 5 C 1 o o ) , 1 o :_:; C 5 ) , 1 o 1 ( 6 ) , ~) 1 l ~ 1 ; , 
8 5 ( 1 5 ) , 7 9 ( 8 ) , 7 8 ( 5 2 ) , 7 7 ( 1 7 ) , 7 6 ( 5 ) , 7 1 ( 1 0 ) , 5 ~) ( 11 ) , 5 L 
(5), 57(10), 55(6), 53(6), 52(8), 51(12), 50( 7) , 43 (50) , 
41(8) with a metastable peak at 165.6. 
No serious attempt was made to isolate the initi 2l 
l-acetyl-4-rnethyl-l,2,3,9b-tetrahydrodibenzofuran (95) as 
autoxidation of this compound was extremely facile. 
l-Acetyl-4-rnethyldibenzofuran (97) 
The crude product (0.72 gm) from the reaction of 
2-isopropenylbenzofuran and methyl vinyl ketone was 
refluxed in benzene (25 ml) with 2,3-dichloro-5,6-dicyano-
l,4-benzoquinone (2.1 gm) for 24 hours. A fawn solid 
(presumed to be the quinol) was filtered from the react ion 
1 0 ~ 
mixture and the filtrate reduced in volume, applied to a 
thick layer plate and eluted with 25% ether/light petroleum. 
Separation was very poor so the two major bands were 
removed and each was applied to further thick layer plate. 
The higher Rf band was eluted with 15% ether/light petrol-
e urn to give 1 - ace t y 1 - 4 - rn et h y 1 di be n z o fur an ( 9 7) ( 4 2 mg , 6 % ) 
as white needles after recrystallisation from ether/ligl1t 
petroleum. The lower Rf band was eluted tKice with 50% 
ether/light petroleum to give 1,2-dicyano-4-rnethyldibenzo-
furan (98) (94 mg) as a yellow solid which could be 
further purified by sublimation (0.1 mm, bath temperatu re 
100°). 
l-Acetyl-4-rnethyldibenzofuran (97) exhibited: 
rn.p. 104-5°. 
Found: C, 80.45; H, 5.31 %. c15H12o2 requires C, 80.33; 
ff, 5.39 %. 
vmax: 1672 (C=O); 1605, 1571 (C=C). 
Amax 232 (E: = 17200), 244 (19100), 255sh(9400), 265 (7500), 
315 (11500). 
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P.m.r.: ol.62 (3H, s, acetyl protons), 1.73 (3H, s, methyl 
protons), 7.28-7.82 (SH, m, aromatic protons), 8.96 (lH, 
bd, proton 9). 
Mass spectrum: + m/e 225(8%), 224(M ,48), 210(15), 209(100), 
182(5), 181(34), 152(17), 151(16), 76(5) with metastable 
peaks at 195, 156.8, 127.6. 
1,2-Dicyano-4-methyldibenzofuran (98) exhibited: 
m.p. 191° (Kofler). 
Found: Mel.wt. 232.0634. c15H80N 2 requires Mel.wt. 
232.0637. 
vmax 2238 (C=N); 1628, 1602, 1570 (C=C). 
A (CHC1 3): max 256(E: = 20200), 263(21500), 3llsh(6100), 
319(6800), 332(6900). 
P.m.r.: cS 1.74 (3H, s, methyl protons), 7.38 (lH, bs, 
proton 3), 7.53-7.89 (3H, m, aromatic protons), 8.49 (lH, 
m, proton 9). 
Mass spectrum: m/e 233(18%), 232(M+,100), 231(30), 205(5), 
177(6), 176(9), 116(5). 
1,2-Dicyano-4-methyldibenzofuran (98) 
(i) 2-Isopropenylbenzofuran (0.6 gm) and 2,3-dichloro-
5,6-dicyano-l,4-benzoquinone (1.72 gm, 2 mole equiv.) were 
refluxed 1n benzene (40 ml) for 4 days and the reaction 
followed by t.l.c. The solid in the reaction mixture was 
filtered and discarded (mass spectroscopy indicated that 
it was 2,3-dichloro-5,6-dicyano-l,4-dihydroxybenzene). 
The filtrate was reduced in volume and chromatographed 
on a silica gel column (Merck 0.05-0.2 mm, S x 15 cm) 
with 20% ethyl acetate/light petroleum. The eluent fro n1 
the column was reduced in volume, applied to 2 thick layer 
plates and eluted with chloroform to give 1,2-dicyano-4-
methyldibenzofuran (98) (89 mg, 10%) as a yellow solid 
which could be further purified by sublimation. 
(ii) 2-Isopropenylbenzofuran (0.6 gm), 2,3-dichloro-5,6-
dicyano-l,4-benzoquinone (1.72 gm) and ethanol (2 ml) were 
stirred in benzene (20 ml) for 15 minutes at room tempera-
ture. T.l.c. examination of the reaction mixture revealed 
the presence of 1,2-dicyano-4-methyldibenzofuran (98) and 
the mixture was then refluxed for 12 hours. The precipit-
ated quinol was filtered off and the filtrate reduced in 
volume and chromatographed on thick layer plates. All 
bands were removed and examined. The major product was 
1,2-dicyano-4-methyldibenzofuran (98) (53 mg, 6%). No 
evidence was found for the production of either l,2-
dicarbethoxy-1,2-dichloroethane (101) or the Diels-Alder 
adduct of 2-isopropenylbenzofuran and 2,3-dichloro-5,6-
dicyano-l,4-benzoquinone (99). 
Catalytic hydrogenation of cis- and trans-N-phenyl-4-
hydroperoxy-4-methyl-1,2,3,4-tetrahydrodibenzofuran -l,2-
dicarboximide (59) and (58) 
(i) A mixture of isomeric hydroperoxides (59) and (58) 
( 507 mg) in ethyl acetate (100 ml) was hydrogenated in 
the presence of 10 % Pd/C for 1 hour. The catalyst was 
removed by filtration through celite and the filtrate 
reduced 1n volume and applied to 2 thick layer plates and 
eluted with 5% acetone/chloroform. The major products 
Here cis-N-phenyl-4-methyl-1,2,3,4-tetrahydrodibenzo-
f uran - l,2-dicarboximide (57A) (122 mg, 26%), cis-N-phenyl-
10 4 
4-hy<lroxy - 4-methyl-1,2,3,4-tetrahydrodibenzofuran-l, 2-
dicarboximide ( 10 7) (37 mg, 8%) and the corre sponding 
ty:ans-isome r (108) (33 mg, 7%). 
The cis-a lcohol (107) exhibited 
m.p. 1 98- 19 9 °. 
I·ound: C, 72.39; H, 4.97; N, 4.05%. c21 H17o4N require s 
C, 72.61; H, 4.93; N, 4.03%. 
vmax 3460 (OH), 1774, 1706 (C=O), 1600, 1498 (C=C). 
Amax : 249(c = 11300), 276(3200), 283(3200). 
P.m.r.: o 1.78 (3H, s, methyl protons), 2 .14 (lH, dd, J = 
14.6, 6.8 IIz, proton 3), 2.10 (lH, s, hydroxyl proton), 
2 . 89 (lH, dd, J = 14.6, 2.6 Hz, proton 3), 3.47 (lH, m, 
J = 6.8, 2.6, 8.5 Hz, proton 2), 4.39 (lH, d, J = 8.5 Hz, 
proton 1), 7.]9-7.52 (8H, m, aromatic protons), 7.90-
7.99 (lII, m, proton 9). 
l O :i 
Mass spectrum: m/e 348(20%), 347(M+,80), 333(24), 332(100 ) , 
331(5), 330(9), 329(6), 228(5), 211(5), 186(5 ) , 185(34), 
J84 (6) , 183(19), 182(9), 181(7), 168(6), 157(6), 129(5), 
128( 7) , 127(5), 120(5), 119(5), 89(5), 77(6), 43(7) with 
metastable peaks at 317.6, 278.4, 103.1. 
The trans-alcohol (108) exhibited 
m.p. 166-168° (dee.). 
Found : C , 7 2 . 9 5 ; H , 5 . 1 9 ; N , 3 . 8 4 % . C 2 l H l 7 0 4 N re q u 1 re s 
C, 72 .61, H, 4.93; N, 3.84%. 
vmax 3560 , 3540, 3480 (OH), 1774, 1 710 (C=O), 1599, 
1506 ( C=C). 
Amax 249(c = 12400), 276(3400), 283(3400). 
P.m.r .: o 1. 72 (3H, s, methyl protons), 2. 27 (lH , dd, 
.J = 14.0, 9 .6 Hz, proton 3), 2.32 (lH, bs, OH proton), 
,._ .53 (lH, dd, J = 14.0, 6.2 Hz, proton 3), 3.67 (lH, m, 
J = 9 . 6, 6.2, 8.2 Hz, proton 2), 4.29 (lH, d, J = 8.2 Hz, 
--
L 
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proton 1), 7.20-7.53 (8H, m, aromatic protons), 7.92-
8. 02 (lH, m, proton 9). 
Mass spectrum: m/e 348(13%), 347(M+,51), 333(26), 332(100), 
330(6), 329(10), 211(7), 186(6), 185(41), 184(5), 183(12), 
182(16), 181(10), 168(5), 157(7), 128(7), 120 (5), 77(5), 
43(16) with metastable peaks at 317.6, 278.4, 103.1. 
(ii) In a further experiment a decrease in the hydrogen-
ation time gave the ais-alcohol (107) (41%) and the trans-
alcohol (108) (16%) with only a trace of the 1,2,3,4-
tetrahydro compound (57A). 
(iii) The trans-hydroperoxide (58) (145 mg) in ethyl 
acetate (25 ml) was hydrogenated over 10% Pd/C for 2 
hours. T.l.c. of the reaction mixture indicated the 
reaction was not proceeding so further catalyst (from a 
different batch to that used previously) was added and 
hydrogenation continued for a further 24 hours. The 
catalyst was removed by filtration through celite, the 
filtrate reduced in volume and applied to a thick layer 
plate and eluted with 5% acetone/chloroform to yield 
ais-N-phenyl-4-methyl-1,2,3,4-tetrahydrodibenzofuran-
1,2-dicarboximide (57A) (40 mg, 29%) identical to that 
isolated in previous hydrogenations. 
(iv) Hydrogenation of the ais-hydroperoxide (59) (285 
mg) for 24 hours also gave ais-N-phenyl-4-methyl -
1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboximide (57A) 
(128 mg, 49%). 
The 1,2,3,4-tetrahydro compound (57B) exhibited 
rn.p. 241-2° (recrystallised from ethyl acetate). 
Found : C , 7 5 . 9 6 ; H , 5 . 19 ; N , 4 . 0 5 % . C Z l H l 7 0 3 N requires 
C, 76.12; H, 5.17; N, 4.23%. 
-
.. 
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vmax 1776, 1710 (C=O); 1600, 1504 (C=C). 
>,_ (CHC1 3): max 251 (£ = 11500), 277 (3600), 284 (3200). 
P.m.r.: o 1.39 (3H, d, J = 7.0 Hz, methyl protons), 2.07 
(lH, m, proton 3b), 2.47 (lH, m, proton 3a), 3.13 (lH, m, 
proton 4), 3.42 (lH, m, proton 2), 4.29 (lH, dd, J = 8.3 
and 1.8 Hz, proton 1), 7.20-7.56 (8H, m, aromatic protons), 
7.85-8.02 (lH, m, proton 9). Spin decoupling of proton 1 
gave J 23 values of 8.1 and 5.8 Hz. 
Mass spectrum: + ml e 3 3 2 ( 2 6 % ) , 3 31 ( M , 1 0 0 ) , 31 7 ( 7 ) , 31 6 ( 3 0 ) , 
288(11), 211(5), 195(8), 184(28), 183(7), 170(10), 169(76), 
168 (10), 158 (7), 141 (15), 139 (6), 115 (11), 91 (6), 77 (5) 
with metastable peaks at 301.7, 262.15, 155.2, 117.6, 
102.3. 
(v) Hydrogenation of trans-N-phenyl-4-hydroxy-4-methyl-
1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboximide (108) 
over 10% Pd/C gave a quantitative yield of ais-N-phenyl-
4-methyl-1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboximide 
(57A). 
The reaction of N-phenyl-4-methyl-1,2,3,9b-tetrahydrodi-
benzofuran-1,2-dicarboximide (56) and m-chloroperbenzoic 
acid 
m-Chloroperbenzoic acid (108 mg) was added to a 
stirred solution of the l,2,3,9b-tetrahydro compound (56) 
(200 mg) in dichloromethane (10 ml) and stirring continued 
overnight at 0°. The reaction mixture was washed with 
aq. ~aHC0 3 , dried (MgS0 4), reduced in volume and applied 
to a thick layer plate and eluted with 30% acetone/light 
petroleum. The major band was removed, reapplied to a 
thick layer plate and eluted with 5% acetone/chloroform to 
I""' 
give cis - N-phcnyl -4- hydroxy-4-rncthyl-J,2,3,4-tetrahydro-
dibenzofuran-l,2-dicarboximide (107) (39 mg, 17 %) and t he 
corre~ponding trians-isomer (108) (105 mg, 50 %) . 
A similar experiment conducted at room temperature 
gave the cis-alcohol (107) and the trians-alcohol (108) in 
19 % and 47% yield respectively . 
The reaction of N-phenyl-4-methyl-1,2,3,4-tetrahydrodi-
benzofuran-l , 2-dicarboximide (57) with m-chloroperbenzo ic 
acid 
m-Chloroperbenzoic acid (34 mg) an<l a mixture of 
the isomeric 1,2,3,4-tetrahydro compounds (57A) and (57B) 
(65 mg) in dichloromethane (25 ml) were stirred for 36 
hours at room temperature. T.l.c. indicated that no 
reaction had occurred and the experiment was discontinued. 
The reaction of cis- and trans-N-phenyl-4-hydroperoxy-4-
methyl-1,2,3,4-tetrahydrodibenzofuran-l,2-dicarboxirnide 
(59) and (58) with acid 
(i) A mixture of the isomeric hydroperoxides (58) anc 
(59) (100 mg) and p-toluenesulphonic acid (53 mg) in 
1 08 
chloroform (20 ml) was stood at room temperature for 18 
hours. The chloroform was washed with aq. NaHC0 3 then 
water, dried (MgS0 4), reduced in volume and applie J to a 
thick layer plate and eluted with 25% acetone/light petrol-
cun: to give N-phenyl-6-ethoxy-2- (2' -hydroxyphenyl) -6-
m thylc}clohex -2-enone-3,4-dicarboximide (llOB) (26 mg, 
~4%) whjch crystallised slowly from cyclohexane. 
(ii) A mixture of the isomeric hydroperoxides (58) and 
(59) (370 mg) and p -toluenesulphonic acid (206 mg) in 
l 
hloroform (25 ml) was s-:, 1 1 , at room temperature for 7 
-
days. The chloroform was washed with aq. NaHC0 3 then 
water, dried (MgS0 4), reduced in volume and applied to 
a thick layer plate and eluted with 5% acetone/chloroform. 
five bands developed and the major products were found to 
be the dibenzofuran (105) (75 mg, 22%) and the product 
isolated in (i) above (llOB) (139 mg, 35%). N-Phenyl-
6-ethoxy-2- (2' -hydroxyphenyl)-6-methylcyclohex-2-enone-
3,4-dicarboximide (llOB) exhibited 
m.p. 200-202°. 
F o un d : C , 7 0 . 4 3 ; H , 5 . 2 2 ; N , 3 . 6 3 % . C 2 3 H 2 l O 5 N re q u 1 r e s 
C, 70.57; H, 5.41; N, 3.58%. 
vmax 3510 (OH); 1760, 1710 (imide C=O); 1673(C=O); 1605, 
1595, 1492 (C=C). 
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Amax= 219(E = 13200), 233(9400), 294(12900), 356(12300). 
On addition of concentrated ammonium hydroxide, Amax became 
251, 314, 326sh, 352. 
P.m.r.: o 1.15 (3H, t, J = 7.0 Hz, methyl protons), 1.62 
(3H, s, methyl protons), 2.06 (lH, dd, J = 14.6, 6.3 Hz, 
proton 3), 2. 44 (lH, dd, J = 14. 6, 10. 6 Hz, proton 3), 
3.38 (2H, m, methylene protons), 3.80 (lH, dd, J = 10.6, 
6.3 Hz, proton 2), 6.95-7.56 (8H, m, aromatic protons), 
8. 55-8. 64 (lH, m, proton 9). 
Mass spectrum: m/e 392(5%), 39l(M+,19), 365(5), 333(11 ) , 
327(6), 306(7), 305(28), 240(17), 171(18), 85(6), 84(86 ) , 
83(6), 79(6), 78(64), 77(16), 69(31), 57(7), 56(100), 55 
(41), 54(8), 53(8), 52(15), 51(19), 50(14), 43(19), 42( 31), 
41 (65). 
Hydroboration of l-acetyl-4-methyl-l,2,3,9b-tetrahydro-
dibenzofuran (95) 
(a) External generation of diborane. 
-11 
The apparatus and method are similar to those used 
94 by Brown and co-workers. 
11 0 
Concentrated sulphuric acid (1.50 gm) in ether (250 
ml) was added dropwise over 1~ hours to a stirred suspension 
of lithium borohydride (1.0 gm) in ether (50 ml). The 
diborane generated was carried in a nitrogen stream and 
bubbled into a stirred solution of crude l-acetyl-4-methyl-
l,2,3,9b-tetrahydrodibenzofuran (95) (the product from 
Diels-Alder reaction of 2-isopropenylbenzofuran (4.25 gm) 
and methyl vinyl ketone (2.82gm)) in tetrahydrofuran (300 
ml) and stirring continued for a further 12 hours. Aqueous 
sodium hydroxide (4M, 75ml) was added followed by drop-
wise addition of hydrogen peroxide (30%, 75ml) and the 
reaction mixture stirred for a further 2 hours. The 
aqueous layer was removed and extracted several times with 
ether. The ether and tetrahydrofuran layers were combined, 
washed with saturated aqueous potassium chloride, dried 
(MgS04) and reduced in volume to give a colourless oil. 
A portion of this oil (1.2 gm) was applied to 4 thick 
layer plates and eluted with chloroform to give 3 major 
bands. These were removed and each reapplied to a thick 
layer plate and eluted with chloroform or 5% acetone/ 
chloroform. This procedure gave three products: l-(a.-
hydroxyethyl)-4-methyl-1,2,3,4-tetrahydrodibenzofuran (124) 
(166 mg, 14%), l-(a.-hydroxyethyl)-4-hydroxy-4-methyl-
1,2,3,4-tetrahydrodibenzofuran (125) (137 mg, 11%), and 
1-acetyl-(l,2 or 3)-hydroperoxy-4-methyl-1,2,3,4-tetra-
hyJrodibenzofuran (126) (29 mg, 2%). 
1 -(a.- hydroxyethyl)-4-methyl-1,2,3,4-tetrahydrodibenzofuran 
(124) exhibited 
... 
Iouncl: Mal.wt. 2:>0.1305. c15H18o2 requires lol.wt. 
230.1307. 
vmax (liquid film): 3410 (OH); 1622, 1612 (C=C). 
,\max : 2 5 4 ( £ = 106 0 0) , 2 7 8 ( 410 0) , 2 8 y ( 3 7 0 0) . 
P.m.r.: cS 1.20-2.20 (llH, m, methyl, methylene and Ofl 
protons), 1.20-1.36 (5 methyl signals superimposed on 
multiplet), 2.89 (2H, m, protons 1 and 4), 4.14 (lH, m, 
HC-OH proton), 7.12-7.66 (4H, m, aromatic protons). 
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Mass spectrum: + ml e 2 3 0 ( M , 1 9 % ) , 1 8 6 ( 2 1 ) , 1 8 5 ( 1 0 0 ) , 1 8 3 ( 6 ) , 
170(6), 169(7), 115(5) with a metastable peak at 133.2. 
l-(a-Hydroxyethyl)-4-hydroxy-4-methyl-1,2,3,4-tetrahydro-
dibenzofuran (125) exhibited: 
Found: Mal.wt. 246.1253. c15H18o3 requires Mal.wt. 
246.1256. 
vmax (liquid film): 3310 broad (OH); 1605, 1598 (C=C). 
Amax 2 4 7 ( £ = 2 8 0 0) , 2 5 2 sh ( 2 5 0 0) , 2 7 6 ( 2 2 0 0) , 2 8 3 ( 19 0 0) . 
P.m.r.: o 1.08-2.10 (lOH, m, methyl and methylene protons), 
3.20-4.10 (3H, m, proton 1, CH-OH proton and -OH proton), 
5.37 (lH, bs, OH proton), 6.83-7.59 (4H, m, aromatic 
protons). 
~1ass spectrum: + m/e 246(M ,24%), 233(7), 232(40), 231(28), 
215(7), 214(39), 213(5), 200(6), 199(35), 197(8), 189(7), 
188(45), 187(9), 186(32), 185(68), 173(19), 172(9), 1:-1 
(16), 167(6), 165(5), 161(31), 160(30), 159(30), 158(74), 
157(7), 147L7), 146(18), 145(100), 144(9), 143(12), 141(6), 
133(7), 132(6), 131(23), 129(8), 128(14), 127(11), 121(6), 
120(13), 118(5), 117(6), 116(5), 115(21), 113(5), 108(6), 
107(41), 105(5), 93(7), 91(18), 89(6), 87(12), 85(8), 8:~ 
(11), 81(7), 79(9), 75(6), 73(16), 71(8), 65(6), 57(48), 
56(5), 55(9), 45(27), 43(22), 41(20) with metastable peaks 
a t l ~- - . -1 , 1 5 9 . 9 . 
L -
... 
1-Acetyl-(l,2 or 3)-hydroperoxy-4-methyl-1,2,3,4-tetra-
hydrodibenzofuran (126) exhibited: 
Found: Mol.wt. 260.1050. c15H16o4 requires Mol.wt. 
260.1049. 
vmax (liquid film): 3470 broad (OH); 1710 (C=O). 
Amax= 251(£ = 8500), 277(3300), 284(2900). 
P.m.r.: cS 1.26-2.40 (lOH, m, acetyl, methyl and methylene 
protons), 1.36, 1.38 (2dd, J = 7.0 Hz, methyl superimposed 
on multiplet), 2.17, 2.22 (Zs, acetyl superimposed on 
multiplet), 3.08 (lH, m, proton 4), 3.81 (lH, bs, proton 1 
or OOH), 7.25-7.53 (4H, m, aromatic protons). 
Mass spectrum: + ml e 2 6 0 (M , 7 % ) , 2 4 9 ( 5) , 2 4 4 ( 16) , 2 3 3 ( 7) , 
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229(6), 228(18), 227(77), 217(15), 216(10), 209(6), 202(10), 
201 (59), 200(21), 199(33), 187(5), 186(14), 185(61), 184 
(51), 183(96), 181(8), 173(11), 172(7), 171(7), 169(22), 
168(16), 160(8), 159(19), 158(9), 157(12), 155(6), 152(5), 
14 9 ( 6 ) , 14 5 ( 1 0) , 14 4 ( 7) , 141 ( 7) , 1 3 9 ( 5 ) , .1 31 ( 1 2 ) , l 2 9 ( 8 ) , 
128(15), 127(9), 121(5), 115(18), 102(5), 91(5), 89(5), 
77(10), 71(5), 63(5), 55(6), 51(5), 43(100), 41(6) with 
metastable peaks at 198.2, 147.5. 
(b) Internal generation of diborane 94 
A mixture of the crude l,2,3,9b-tetrahydro compound 
and lithium borohydride in tetrahydrofuran was treated 
successively with cone. sulphuric acid, water, aq. sodium 
hydroxide and tydrogen peroxide. The organic layer was 
separated, reduced in volume and a portion of the residue 
was chromatographed on several thick layer plates. The 
major product exhibited p.m.r. and mass spectra similar 
to those of l-(a-hydroxyethyl)-4-methyl-1,2,3,4-tetrahydro-
dibenzofuran (124). 
--
-4-Hydroxy-2-isopropenyl-4-methyl-1,2,3,4-tetrahydro<li-
benzofuran (131A) and (131B) 
Sodium hydride (260 mg, 50% oil suspension) was 
added to a stirred mixture of methyltriphenylphosphon ium 
bromide (2.1 gm) in 1:1 ether/dimethyl formamide (10 ml) 
and the mixture stirred under N2 for 15 minutes. A 
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mixture of the isomeric alcohols (96A) and (96B) (183 mg) 
in 1:1 ether/dimethyl formamide (5 ml) was then added and 
the reaction mixture was stirred for 2~ hours. The mixture 
was then diluted with saturated aqueous ammonium chloride 
and extracted twice with ether. The combined ethereal 
extract was washed (H 20), dried (MgS0 4), reduced in volume, 
applied to a thick layer plate and eluted with 50% ether/ 
light petroleum. Two major products were obtained one of 
which was the required olefin (131A) (92 mg, 51%). The 
second product was postulated to be the stereoisomeric 
olefin (131B) (22 mg, 12%). Further attempts to purify 
this second product by thick layer chromatography were 
unsuccessful. 
4-Hydroxy-l-isopropenyl-4-methyl-1,2,3,4-tetrahydrodi-
benzofuran (131A) exhibited: 
m.p. 75-76°. 
Found : C , 7 9 . 4 S ; H, 7 . 5 5 % . C 16 H 18 0 2 re q u 1 res C , 7 9 . 31 ; 
H, 7.49%. 
vmax (liquid film): 3360 broad (OH); 1646 (C=C). 
Amax 251(€ = 11200), 277(3600), 284(3700). 
P.m.r.: o 1.64-2.14 (lOH, m, two singlets superimposed 
at o 1.68 and o 1.64, methylene and methyl protons), 2.70 
(lH, bs, hydroxyl proton), 3.50 (lH, m, proton 1), 4.96 
(2 II, s, olefinic protons), 6.76-7.60 (4H, m, aromatic 
protons). 
..... 
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+ Mass spectrum: m/e 243(10%), 242(M ,SO), 228(17), 227(100), 
225(8), 224(10), 209(8), 200(6), 199(30), 197(6), 186(8), 
185(46), 184(15), 183(18), 182(6), 181(10), 174(6), 171(5), 
169(10), 168(9), 167(5), 165(6), 159(7), 157(6), 153(5), 
152(6), 141(7), 139(5), 131(8), 129(6), 128(12), 127(7), 
115(13), 77(7), 55(6), 43(31) with metastable peaks at 
212.9, 150.8. 
The product postulated to be the stereoisomeric olefin 
(131B) exhibited 
Mass spectrum: m/e 242(M+, 20%), 228(7), 227(37), 215(6), 
214(31), 200(16), 199(100), 198(5), 197(15), 196(6), 186(5), 
185(19), 184(7), 183(10), 182(5), 181(10), 171(11), 169(7), 
168(6), 165(5), 155(5), 153(5), 152(7), 141(8), 139(5), 
131(7), 129(6), 128(15), 127(7), 119(10), 115(15), 105(7), 
101(10), 91(7), 85(7), 78(13), 77(10), 71(10), 69(5), 63(5), 
59(19), 58(7), 57(16), 56(5), 55(9), 51(7), 43(50), 41(15), 
with metastable peaks at 212.9, 150.8, 185.1. 
Reduction of autoxidised product mixture 
Crude autoxidation product (96A) and (96B) (400 mg) 
was hydrogenated at 45 p.s.i. over Raney nickel 1n ethyl 
acetate for 36 hours. The catalyst was removed by filtr-
ation through celite and the filtrate was reduced in 
volume, applied to a thick layer plate and eluted with 
5% acetone/chloroform. Three bands developed and were 
removed. The major product was identical by p.m.r. with 
l-acetyl-4-methyl-1,2,3,4-tetrahydrodibenzofuran (132), 
i.e. hydrogenolysis had occurred. 
l-Acetyl-4-methyl-1,2,3,4-tetrahydrodibenzofuran (132) 
(i) Ethereal methyl lithium (5 ml, 5%) in benzene (10 
--
-ml) was added dropwise to a stirred, cooled mixture of 
4-mcthyl-1,2,3,4-tetrahydrodibenzofuran-l-carboxylic 
acid (94) (500 mg), in benzene (10 ml). Stirring was 
continueJ at room temperature for 30 minutes and the 
mixture was refluxed for a further 10 minutes. The 
mixture was washed with aq. sodium bicarbonate and water, 
dried (MgS0 4), reduced in volume and applied to a thick 
layer plate and eluted with 30% ether/light petroleum to 
give l-acetyl-4-methyl-1,2,3,4-tetrahydrodibenzofuran (132) 
(325 mg, 66%) as a light yellow oil. This material was 
utilised without further purification. 
(ii) In a second reaction, the carboxylic acid (94) 
(313 mg) was treated with ethereal methyl lithium (10 ml, 
5%) and worked up as previously. Thick layer chromatography 
gave two products, 1-acetyl-4-methyl-1,2,3,4-tetrahydro -
dibenzofuran (132) (90 mg, 29%) and a colourless oil 
characterised as l-(a-hydroxyisopropyl)-4-methyl-1,2,3, 4-
tetrahydrodibenzofuran (133) (78 mg, 25%). 
l-Acetyl-4-methyl-1,2,3,4-tetrahydrodibenzofuran (132) 
exhibited: 
vmax (liquid film): 1713 (C=O). 
Amax: 252(E: = 11300), 273(3800), 285(3400). 
P.m.r.: o 1. 36 (3H, d, J = 7. 0 Hz, methyl protons), 1. 58-
2. 30 (7H, m, acetyl protons and protons 2,2',3,3'), 2.18 
(s , acetyl protons superimposed on multiplet), 2. 99 (ll-I, 
bq, proton 4), 3.72 (lH, m, proton 1), 7.15-7.52 (4I-I, m, 
arom8tic protons). 
r.tass spectrum: m/e 228(M+,18%), 186(16), 185(100), 170(7), 
169(10), 115(6 ) , 43(10) with a metastable peak at 150.1. 
...... 
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l-(a-Hydroxyisopropyl)-4-methyl-1,2,3,4-tetrahydrodiben zo -
furan (133) exhibited: 
found: Mal.wt. 244.1460. c16H20 o2 requires mol.wt. 
244.1463. 
v (liquid film): 3470 broad (OH), 1610 (C=C). max 
,\ 
max 254 (E: = 11400), 277(3500), 285(2900). 
P.m.r.: cS 1.23 (3H, s, isopropyl methyl protons), 1.36 
(3H, d with one arm hidden under the signal at cS 1.39, 
J = 7.0 Hz, 4-methyl protons), 1.39 (3H, s, isopropyl 
methyl protons), 1.60-2.12 (SH, m, OH proton and protons 
2,2',3,3'), 2.96 (2H, m, protons 1 and 4), 7.13-7.79 (4H, 
m, aromatics). The overlapping methyl proton signals were 
separated by addition to the p.m.r. sample of tris-(l,1,1,-
2,2,3,3-heptafluoro-7,7-dimethyl d6-4,6-octanedione d 3)-
praseodymium III. 
Mass spectrum: m/e 244(M+,16%), 187(16), 186(100), 185(77), 
183(5), 172(6), 171(41), 170(11), 169(17), 168(6), 157(16), 
156(6), 145(5), 144(26), 142(5), 141(8), 129(6), 128(6), 
119(8), 117(7), 115(11), 59(28), 43(7) with a metastable 
peak at 157.2. 
l-Acetyl-4-methyl-1,2,3,4-tetrahydrodibenzofuran (132) and 
selenium dioxide 
The k e tone ( 1 3 2 ) ( 3 2 5 mg) and s e 1 en i um di o xi de ( 1 7 4 
mg) were refluxed 1n dioxan (20 ml) and water (0.5 ml) f or 
2 days. The mixture was reduced in volume and applied to 
a thick layer plate and eluted with 50% ether/light pet r ol -
eum. Five bands developed and were removed. The maJor 
product (82 mg) had identical t.l.c. behaviour to the 
starting material so the reaction was not investigated 
further. 
..... 
... 
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Ethyl dihydroolivetolcarboxylate 
This procedure was adopted from that of Anker-Cook 84 . 
(a) Octenoic acid 
A mixture of n-hexaldehyde (150 gm), malonic acid 
(234 gm) and pyridine (450 gm) was warmed at 50° for 48 
hours. The mixture was cooled and 50% sulphuric acid (500 
ml) was then added and the cloudy solution extracted 
several times with ether. The combined ethereal extract 
was washed with dilute hydrochloric acid then water, 
dried (MgS0 4) and reduced in volume to give 2-octenoic 
acid (182 gm, 85%) as a brownish oil which was further 
purified by distillation (b.p. 139°, 16 mm) (lit.b.p. 102°, 
5 mm) 84 . 
(b) Methyl 2-octenoate 
2-0ctenoic acid (182 gm) and concentrated sulphuric 
acid (9 ml) were refluxed in methanol (580 ml) for 5 days. 
The mixture was allowed to cool, diluted with water and 
extracted several times with ether. The combined ethereal 
extract was washed several times with dilute sodium carbon -
ate solution, dried (MgS0 4) and reduced in volume to give 
methyl 2-octenoate (182 gm, 91%) as a brown oil. The ester 
was further purified by distillation (90°, 15 mm)(lit. b.p. 
97°, 18 mm) 84 . 
(c) Ethyl dihydroolivetolcarboxylate 
Finely cut sodium (17 gm) was added to a mixture 
of 'super-dry' ethanol (260 ml) and ethyl acetoacetate 
(96 gm) and the mixture was boiled under reflux. Methyl 
2-octenoate (90 gm) was slowly added to the refluxing 
mixture and boiling was continued for a further 20 hours. 
The mixture was allowed to cool and the sodium salt of 
ethyl dihydroolivetolcarboxylate was filtered off and 
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washed with light petroleum. A further amount of the 
sodium salt precipitated from the filtrate over 24 hours 
and this was filtered and combined with that obtained 
above. The sodium salt was dissolved in water, treated 
with concentrated hydrochloric acid and the mixture 
extracted several times with ether. The combined ethereal 
extract was washed several times with water, dried (MgS0 4) 
and the ether removed to give ethyl dihydroolivetolcarboxy-
late (125 mg, 86%) as a yellow oil which crystallised over 
a period of sever a 1 months ( m. p . 6 3 - 6 5 °) ( 1 it . m. p . 6 4 -
650)84. 
Ethyl olivetolcarboxylate 
(i) This procedure was adapted from that of Anker and 
Cook. 84 
(a) Ethyl 3,5-dibromoolivetolcarboxylate 
A solution of bromine (3.2 ml) in glacial acetic 
acid (20 ml) was slowly added to a stirred solution of 
ethyl dihydroolivetolcarboxylate (5.0 gm) in glacial 
acetic acid (20 ml) and stirring continued for a further 
48 hours at 60°. The mixture was allowed to cool and 
reduced to half volume. The resulting off-white crystals 
were filtered off, washed with glacial acetic acid and 
recrystallised from light petroleum to give ethyl 3,5-
dibromoolivetolcarboxylate (1.46 gm, 18 %) as a white 
solid , m.p. 67° (lit. m.p. 67°) 84 . 
The filtrate was reduced in volume but no further 
crystals were obtained. The solvent was then removed 
under reduced pressure and the residue taken up in ethe1· 
and \,:ashed twice with lM sodium bicarbonate solution. 
The ether ,vas then washed with water, dried (MgS0 4) and 
-concentrated to yield a light brown oil (5.2 gm) the maJor 
component of which was shown to be ethyl 3,5-dibromoolive-
tolcarboxylate. Total yield 82%. 
(b) Ethyl olivetolcarboxylate (134) 
A mixture of ethyl 3,5-dibromoolivetolcarboxylate 
(1.46 gm) and sodium hydroxide (0.42 gm) in 90% ethanol 
(40 ml) and water (30 ml) was hydrogenated over 10% Pd/C 
11 9 
for 8 hours. The mixture was acidified to pH 3, extracted 
twice with chloroform and the combined chloroform extract 
washed with water. The chloroform was then filtered through 
celite, dried (Na 2so4) and reduced in volume to give ethyl 
olivetolcarboxylate (134) (0.83 gm, 94%) as a colourless 
solid, m.p. 68° (recrystallised from light petroleum) 
(lit. m.p. 69°). 84 
(ii) With ferric chloride as oxidant.85 
Ethyl dihydroolivetolcarboxylate (125 gm) and 
anhydrous ferric chloride (220 gm) were refluxed in 20% 
acetic acid (1.2 t) for 2 hours. The reaction mixture 
was cooled, diluted with water and extracted several times 
with ether. The combined ethereal extract was washed with 
water, extracted several times with sodium bicarbonate 
solution and then washed again with water and dried (MgS0 4). 
Removal of the ether gave crude ethyl olivetolcarboxylate 
(76 gm) as a brown oil, the major component of which was 
identical with the material obtained in (i) above. 
The combined sodium bicarbonate washings were 
acidified with concentrated hydrochloric acid and 
extracted several times with ether. The ethereal extract 
was washed with water, dried (MgS0 4) and the solvent removed 
to give recovered ethyl dihydroolivetolcarboxylate (38 gm) 
as a red oil. 
--
L 
Ethyl 2-hydroxy-4-methoxy-6-pentylbenzoate (135) 
Ethyl olivetolcarboxylate (134) (45 gm) in ether 
(200 ml) was treated with a slight excess of ethereal 
diazomethane and the mixture stood at room temperatu re 
for 2 hours. Dilute hydrochloric acid was added to 
Jestroy any excess diazomethane and the reaction mixture 
was washed (H 20), dried (MgS0 4) and reduced in volume to 
give the crude methylated product (quantitative yield) as 
a dark oil. A small sample was purified further by thick 
layer chromatography and the remainder was used in the 
formylation reaction without further purification. The 
methyl ether (135) was obtained as a pale yellow oil and 
exhibited: 
Found: Mal.wt. 266.1515. c15H22 o4 requires Mal.wt. 
266.1518. 
vmax (liquid film): 1652 (C=O); 1615, 1580 (C=C). 
Amax= 264(£ = 11200), 301(4000). 
12 0 
P.m.r.: o 0.90 (3H, bs, amyl methyl protons), 1.20-1.70 
(9H, m, ester methyl and amyl methylene protons), 2.88 (2H, 
bt, benzylic protons), 3.80 (3H, s, methoxyl protons), 4.43 
(2H, q, J = 7.0 Hz, ester methylene protons), 6.34 (2H, bdd, 
aromatic protons), 11.94 (lH, s, hydroxyl proton). 
Mas s spectrum ; m/ e 2 6 7 ( 7 % ) , 2 6 6 ( M + , 3 9) , 2 2 4 ( 5 ) , 2 21 ( 2 1 ) , 
220 (8 1), 211(9), 210(65), 196(7), 192(25), 191(12), 181 (10), 
178 (12 ), 177(21), 168(12), 165(15), 164(100), 163(8), 151(5), 
149(7), 139(6), 138( 9) , 137(15), 136(6), 135(24), 129(6), 125 
(5), 121(6), 109(5), 108(6), 107(7), 95(12), 93(5), 92(5), 
91(8), 83(6), 81(5), 79(8), 78(7), 77(10), 69(7), 67(6), 
65(6), 57(6), 55(16), 43(18), 41(12) with metastable peaks 
a t 192, 182, 167.5, 122.3. 
-L 
Ethyl 3-formyl-2-hydroxy-4-methoxy-6-pentylbenzoat e (13 6) 
(i) A mixture of crude ethyl 2-hydroxy-4-methoxy- 6-
pentylbenzoate (135) (45 gm) and dichloromethyl methyl 
ether (26 ml) jn dichloromethane (350 ml) was cooled to 0° 
and titanium ·ry) chloride (38 ml) in dichloromethane (25 0 
ml) was added dropwise over 50 minutes with continuous 
stirring and cooling. The mixture was allowed to warm 
121 
to room temperature and stirred for a further 2 hours and 
then poured into an ice/concentrated hydrochloric acid 
mixture. The dichloromethane layer was separated and the 
aqueous layer extracted several times with chloroform. The 
combined organic extract was washed (H 20), dried (MgS04) 
and the solvent removed to give a dark oil. The oil was 
taken up in ether (1 £) and extracted 4 times with 4M 
aqueous ammonia. The combined ammonia extract was acidified 
and extracted several times with ether and the ethereal 
extract was washed (II 20), dried (MgS0 4) and the solvent 
removed to give a dark oil (15.3 gm). A sample of this 
oil (1 .5 gm) was applied to 2 thick layer plates and 
eluted with 20% ethyl acetate/light petroleum. Four ma J or 
bands developed and were removed separately. The 2 fast e r 
moving bands exhibited no formyl protons in the p.m.r. 
spectra and were discarded. The third band gave the 
required 3-formyl isomer (136) (368 mg, 8%) as a li ght 
yellow oil which resisted all attempts at cry s talli sa ti on. 
The fourth band gave a light yellow oil ( 156 mg , 3 9u ) 
postulated from the p.m.r. spectrum to be the 5-fo rmyl 
isomer (143). 
(ii) A stirred mixture of ethyl 2-hydroxy-4 - methoxy-6 -
pentylbenzoate (135) (440 mg) and dichloro methyl met hy l 
-12 2 
ether (0.25 ml) in dichloromethane (5 ml) was cooled to 
-20° (CC1 4 slush bath). Titanium (Iv) chloride (0. 37 ml) 
was added and stirring continued for a further 10 minutes 
at -20°. The reaction mixture was then poured into an 
ice/concentrated hydrochloric acid mixture and extracted 
several times with chloroform. The combined chloroform 
extract was washed (H 20), dried (MgS0 4), reduced in volume, 
applied to a thick layer plate and eluted with 20% ether/ 
light petroleum. This procedure gave recovered starting 
material (135) (148 mg), the required 3-formyl isomer (136 ) 
(262 mg, 81%) and the product postulated to be the 5-formyl 
isomer (143) (32 mg, 10%). 
Ethyl 3-formyl-2-hydroxy-4-methoxy-6-pentylbenzoate (136) 
exhibited: 
Found: Mal.wt. 294.1464. c16H22o5 requires Mal.wt. 
294.1467. 
vmax (liquid film): 1730 (formyl C=O); 1635 (ester C=O), 
1570 (C=C). 
Amax: 247sh(c = 6600), 284(14600), 342(3300). 
P.m.r.: o 0.90 (3H, bt, pentyl methyl protons), 1.24-1.8 0 
(9H, m, ester methyl and pentyl methylene protons), 2.6 4 
(2H, bt, benzylic protons), 3. 87 (3H, s, methoxyl protons), 
4.37 (2H, q, J = 7.0 Hz, ester methylene protons), 6.22 
(lH, s, aromatic proton), 10.18 (lH, s, formyl proton), 
12.45 (lH, s, hydroxyl proton). 
lass spectrum: + ml e 2 9 5 ( 9 % ) , 2 9 4 (M , 4 7) , 2 6 6 ( 6) , 2 6 S ( 19 ) , 
250(11), 249(67), 248(82), 247(21), 238(25), 237(12), 221 
(6), 220 (16), 219 (39), 206(18), 205 (100), 192 (17), 191 (37), 
190(16), 179(6), 177(15), 166(20), 165(15), 164(39 ) , 163 
(7), 149(10), 148(6), 147(9), 145(6), 137(12), 136(5), 
135(9), 134(6), 133(8), 131(5), 121(7), 120(5), 107(11), 
106(8), 105(8), 91(11), 79(8), 78(6), 77(11), 65(5), 
55(6), 51(6), 43(5), 41(11), with metastable peaks at 
209.2, 169.5. 
The product postulated to be ethyl 5-formyl-2-hydroxy-
4-methoxy-6-pentylbenzoate (143) exhibited: 
P.m. r.: o 0. 91 (3H, bs, pentyl methyl protons), 1. 20-
123 
1. 75 (9H, m, ester methyl and pentyl methylene protons), 
3.29 (2H, bt, benzylic protons), 3.92 (3H, s, methoxyl 
protons), 4.47 (2H, q, J = 7.0 Hz, ester methylene protons), 
6.45 (lH, s, aromatic proton), 10. 52 (lH, s, formyl proton), 
12.13 (lH, bs, hydroxyl proton). 
Ethyl 2-acetyl-4-methoxy-6-pentylbenzofuran-7-carboxylate 
( 13 7) 
A mixture of ethyl 3-formyl-2-hydroxy-4-methoxy-6-
pentylbenzoate (136) (12.0 gm), chloroacetone (3.8 ml) and 
anhydrous potassium carbonate (17.2 gm) in dimethyl formam-
ide (50 ml) was stirred overnight at room temperature. 
The mixture was then poured into water and extracted 
several times with ether. The combined ethereal extract 
was washed (H 20), dried (MgS0 4) and chromatographed on 
a silica gel column (Merck 0.05-0.2 mm, 6 x 40 cm) with 
30% ether/light petroleum to yield the crude benzofuran 
( 1 3 7 ) ( 4 . 7 gm , 3 5 % ) • 
m.p. 78-79° (Recrystallised from ether/light petroleum). 
Found: C, 68.30; H, 7.34%. c19H24 o5 requires C, 68.65 ; 
H, 7.28%. 
\>max: 1705, 1696 (C=O); 1600, 1565, 1560 (C=C). 
>-max= 233(E: = 12300), 239(12600), 263(10200), 269 (1070 0) , 
305 (22100). 
.... 
... 
P . m . r . : cS O . 9 1 ( 31 I , b s , p en t y 1 me t h y 1 p r o t on ~; ) , 1 . 11 -
1. 69 (911, m, ester methyl and pentyl methylene protons), 
2. 62 (3H, s, acetyl protons), 3. 08 (2II, m, benzylic 
protons), 4. 05 (3H, s, methoxyl protons), 4. 54 (2H, q, 
J = 7.0 Hz, ester methylene protons), 6.63 (lH, s, 
proton 5), 7.62 (lH, s, proton 3). 
l 2 1 
+ 
·1ass spectrum: m/e 333(24%), 332(M ,100), 303(11), 289 (11), 
288(12), 287(48), 286(6), 285(10), 277(8), 276(46), 262(6), 
261(27), 260(6), 259(25), 258(5), 257(14), 255(6), 248(12), 
247(44), 245(6), 244(19), 243(85), 231(9), 230(18), 229 ( 5), 
217(9), 215(10), 205(10), 204(23), 203(50), 161(9), 115 (5), 
43(41), 42(6), 41(9). 
Ethyl 2 - isopropenyl-4-methoxy-6-pentylbenzofuran-7-
carboxylate (138) 
A mixture of sodium ethoxide (0.96 gm) and methyl-
triphenylphosphonium bromide (9.35 gm) 1n 1:1 ether/dimethyl 
formamide (35 ml) was stirred under N2 for 10 minutes at 
room temperature. Ethyl 2-acetyl-4-methoxy-6-pentylben zo-
furan-7-carboxylate (137) (5.8 gm) in 1:1 ether/dimethyl 
formamide (15 ml) was then added and stirring continued 
for 1 hour. The mixture was poured into saturated 
ammonium chloride solution and extracted twice with ether. 
The combined ethereal extract was washed (Ii 20), dried 
(Mg C 4), reduced in volume and chromatographe d on an 
~1lumina column (5 x 15 cm) with 10% ether/light petroleum 
to give the 2-isopropenylbenzofuran (138) (3.4 gm, 59%) 
as a yellow . 1 01.J.. 
vmax (_ liquid film): 1714 (C=O); 1606, 1560, 1508 (C=C). 
;\max : 2 4 4 ( E: = '112 0 0) , 2 5 3 ( 116 0 0) , 2 6 7 sh ( 13 2 0 0) , 2 7 8 sh 
(15900), 296(25800), 306sh(20200) . 
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P.m.r.: cS 0.92 (3H, bs, pentyl methyl protons ) , 1. 22 -
1.80 (9H, m, ester methyl and pentyl methylene proton s ), 
2.10 (3H, s, olefinic methyl protons), 3.02 (2H, bt, 
benzylic protons), 3.93 (3H, s, methoxyl protons), 4.5 0 
(2H, q, J = 7.0 Hz, ester methylene protons), 5.18 (lH, 
bs, olefinic proton), 5.84 (lH, bs, olefinic proton), 
6.53 (lH, s, proton 5), 6.72 (lH, s, proton 3). 
Mass spectrum: m/e 331(10%), 330(M+ ,44), 285(8), 274(5 ) , 
245(27), 241(7), 201(12), 134(7), 121(5), 120(49), 119( 24) , 
117(7), 115(7), 113(6), 111(5), 106(17), 105(100), 103( 7), 
99(7), 98(7), 97(8), 91(31), 85(19), 84(9), 83(8), 79(1 2), 
78(16), 77(18), 74(15), 71(36), 70(13), 69(14), 67(5), 
65(8), 63(7), 59(23), 57(65), 56(17), 55(18), 53(8), 52 ( 5), 
51(12), 50(5), 45(15), 43(61), 42(10), 41(44). 
Formylation of ethyl olivetolcarboxylate 
(i) A mixture of ethyl olivetolcarboxylate (2.5 gm) and 
dichloromethyl methyl ether (1.5 ml) in dichloromethane 
(20 ml) was cooled to 0°. A solution of titanium I ch l o r-
ide (2.2 ml) in dichloromethane (20 ml) was added dropw i s e 
over 25 minutes with continuous stirring and cooling and 
the reaction mixture was then allowed to warm to roo m 
temperature and stirring continued for 1 hour. The mixture 
was then poured onto an ice/concentrated hydrochlor i c acid 
mixture, the dichloromethane layer separated and the 
aqueous layer extracted with chloroform. The co mbi ne d 
organic extract was washed (H 20), dried (MgS0 4) , r educed 
in volume and applied to 3 thick layer plates and elu t ed 
with 40 % ether/light petroleum. Four bands develo ped of 
, hich only one exhibited a formyl proton in the p . m. r . 
spectrum (468 mg). Steam distillation of thi s f ra c t ion 
wa s not efficient, 1.5 litres of distillate gave, a f t e r 
extraction with chloroform, ethyl 3-formyl-2,4-dihydroxy-
6 -pentylbenzoate (146) (120 mg, 4%). 
(ii) A stirred mixture of ethyl olivetolcarboxylate 
(3.3 gm) and dichloromethyl methyl ether (1.98 ml) i n 
dichloromethane (20 ml) was cooled to 0° and a solution 
of titanium~~ chloride (2.9 ml) in dichloromethane ( 20 
ml) was added dropwise over 25 minutes. The reaction 
mixture was allowed to warm to room temperature and 
stirring continued for 1 hour. The mixture was then 
poured onto an ice/concentrated hydrochloric acid mixture, 
the dichloromethane layer separated and the aqueous pha s e 
extracted twice with chloroform. The combined organic 
phase was washed (H 20), dried (MgS0 4), reduced in volume, 
applied to 3 thick layer plates and eluted with 7.5% 
ethyl acetate/light petroleum to give ethyl 3-formyl-2, 4 -
dihydroxy-6-pentylbenzoate (146) (1. 29 gm, 35%). 
rn.p. 34-36°. 
Found: Mal.wt. 280.1312. c15H20o5 requires Mal.wt. 
280.1311. 
v : 3400-2500 broad (OH), 1650 broad (OH). max 
Amax: 242(€ = 17900), 262(14500), 277(12400), 339 ( 38 00). 
P. m. r.: cS O. 92 (3H, bs, pentyl methyl protons), 1. 24-
1. 70 (9H, rn, ester methyl and pentyl methylene protons), 
2.90 (2H, m, benzylic protons), 4.40 (2H, q, J = 7 . 0 Hz, 
ester methylene protons), 6.21 (lH, s, aromatic proton), 
10. 26 (lH, s, formyl proton), 12.33 (lH, s, hydro xy l 
proton), 12.97 (lH, s, hydroxyl proton). 
Mass spectrum : m/ e 2 8 0 ( M + , 2 0 % ) , 2 3 4 ( 1 9) , 2 2 4 ( 3 4 ) , 2 0 7 
( 22 ) , 206 (44), 205(50), 191(28), 178(14), 163 ( 5) , 160(6 ) , 
159 ( 57) , 150(1 7), 144(7), 129(5), 122(5), 116 ( 20) , 115(5), 
12 6 
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101 (8) , 95(10), 87( 13), 86(7), 85(100), 83(7), 81(6), 
73(23) , 69(12), 67(6), 57(34), 55(21), 43(20), 41(31). 
Ethyl 4-acetonyloxy-2-acetyl-6-pentylbenzofuran-7-
carboxylate (148) 
Chloroacetone (2.9 ml) in dimethyl formamide (10 
12 7 
ml) was added <lropwise to a stirred and coole J (0°) mixtur e 
of ethyl 3-formyl-2,4-dihydroxy-6-pentylbenzoate (146) (7 .8 
gm) and anhydrous potassium carbonate (13.1 gm) in dimethyl 
formamide (SO ml) and stirring was continued for a further 
36 hours. The reaction mixture was then diluted with 
water and extracted twice with ether. The combined ethereal 
extract was washed (H 20), dried (MgS0 4), reduced in volume 
and chromatographed on a silica gel column (Merck 0 . 05-0 . 2 
mm, 6 x 45 cm) with 30% ether/light petroleum. A portion 
( 700 mg) of the major product (2.9 gm) isolated from the 
column was applied to a thick layer plate and eluted with 
30% ether/light petroleum to give ethyl 4-acetonyloxy-2-
acetyl-6-pentylbenzofuran-7-carboxylate (148) (300 mg, 
11 % overall) as a white solid after recrystallisation from 
ether/light petroleum 
m.p. 102-3°. 
Found: C, 67.50; H, 6.77%. c21 H26o6 requires C, 67.36; 
H, 7 . 00% . 
vmax : 1 718 , 1683 (C=O); 1603, 1558 (C=C). 
Amax : 231 (s = 23400), 258(14500), 268(13500), 304 (25300). 
P.m.r.: cS 0 . 91 (3H, bs, pentyl methyl protons), 1.22-
1.80 (9H , m, ester methyl and pentyl methylene protons), 
,., - 8 
_ . j (3H , s, acetonyloxy methyl protons), 2 . 66 (3H, s, 
acetyl protons), 3. 03 (2H , m, benzylic protons), 4. 56 
l2H , q , T = 7 . 0 Hz, ester methylene protons), 4.81 (2H, 
s , 3ce tonyloxy me t hylene proton s) , 6 . S2 (Jll , s , proton S), 
7. 70 ( lH, s , proton 3). 
+ la ss sp ectrum: m/e 375(23 %) , 374(M ,J OO) , 3{-i O(SJ , 34 5(7) , 
l 2 S 
331 ( 8), 330(9), 329(40), 327(7), 319 (6) , 318(31) , 317(30), 
~04( 5) , 303(19), 301(10), 299(9), 290(7) , 28 9( 26), 286(23) , 285 
( 57) , 272(8), 271C8), 257C7), 247Cll), 246 ( 13 ) , 245(13), 
243C7), 233Cl2), 232Cl2), 229Cll), 217(11), 215C5), 213C6), 
203C9), 201Cl0), 189C9), 188C7), 187C8), 173(7), 159(5), 
145C5), 131C5), 129C5), 115C8), 91CS), 89C5), 77C6), 57 Cl2), 
43C93), 41Cl3), with a metastable peak at 268.7. 
Ethyl 4-acetonyloxy-2-hydroxy-6-pentylbenzoate Cl52) 
Ci) A solution of chloroacetone C0.58 gm) in dimethyl 
formamide c20 ml) was added dropwise to a cold C0°), 
stirred mixture of ethyl olivetolcarboxylate Cl.6 gm) and 
anhydrous potassium carbonate C4.0 gm) in dimethyl 
formamide C40 ml) and stirring continued at 0° for 24 
hours. T.l.c. examination of the mixture appeared to 
indicate that no reaction had occurred so the reaction 
mixture was then stirred for a further 36 hours at room 
temperature, diluted with water and extracted twice with 
ether. The combined ethereal extract was washed CH
2
0), 
dried CMgS0 4), reduced in volume, applied to 2 thick 
layer plates and eluted with 50% ether/light petroleum. 
The major band was removed and shown to be ethyl 4-
acetonyloxy-2-hydroxy-6-pentylbenzoate Cl52) C0.56 gm, 
29%) . 
( ii ) A solution of chloroacetone Cl.39 gm) in dimethyl 
forma.i de c20 ml) was added dropwise to a cooled C0°), 
stirred mixture of ethyl olivetolcarboxylate C3 .8 gm) 
and anhydrous potassium carbonate C6.25 gm) in dimethyl 
formamide (40 ml) and stirring continued for 5 days at 
0° . The reaction mixture was worked up as in (i) above 
and the crude product chromatographed on a silica gel 
column (Merck 0.05-0.2 mm, 5 x 15 cm) with 30% ether/ 
light petroleum to give the required 4-acetonyloxy 
co mp o und ( 152) ( 1 . 8 gm, 3 9 % ) • 
m.p. 54-55° (Recrystallised from light petroleum). 
Found : C , 6 6 . 3 3 ; H , 7 . 9 9 % • C 1 7 H 2 4 0 5 requires C , 6 6 . 21 ; 
H, 7.85%. 
v max : 1 7 3 7 , 1 6 4 7 ( C = 0) ; 1614 , 1 5 8 4 ( C = C) . 
Amax 262(£ = 12900), 302(4700). 
P.m.r.: o 0.90 (3H, bs, pentyl methyl protons), 1.17-
1 2 ~) 
1.70 (9H, m, ester methyl and pentyl methylene protons), 
2.26 (3H, s, acetonyloxy methyl protons), 2.88 (2H, m, 
benzylic protons), 4.43 (2H, q, J = 7.0 Hz, ester methylene 
protons), 4.63 (2H, s, acetonyloxy methylene protons), 
6.39 (2H, bdd, aromatic protons), 11.95 (lH, s, hydroxyl 
proton). 
Mass spectrum: m/e 309(15%), 308(M+,77), 263(25), 262(100), 
253(9) , 252(59), 234(15), 220(8), 219(20), 207(10), 206 (65), 
205(5), 196(10), 194(7), 191(6), 189(6), 188(13), 179(7 ) , 
178 (7), 177(13), 163(10), 151(5), 150(15), 149(7), 135(6), 
123(5), 122(5), 121(8), 108(5), 106(5), 91(7), 79(5), 77 
(10), 69(7), 65(6), 57(8), 55(10), 43(30), 41(12) with 
metastable peaks at 222.9, 209. 206.2, 168.4, 162. 
Attempted formylation of ethyl 4-acetonyloxy-2-hydroxy- 6-
pentylbenzoate (152) 
A stirred mixture of the 4-acetonyloxy compound (15 2) 
(2.2 gm) and dichloromethyl methyl ether (1.07 ml) in 
dichloromethane (30 ml) was cooled to 0° and titanium I V 
l 30 
chloride (1.57 ml) in dichloromethane (20 ml) Kas added 
dropwise over 25 minutes. The mixture ~as allowed to 
warm to room temperature and stirring continued for 1 
hour. The mixture was then poured onto an ice/concentrated 
hydrochloric acid mixture, the dichloromethane layer 
separa ted and the aqueous phase extracted several times 
Kith chloroform. The combined organic extract was washed 
(H 20), dried (MgS0 4), reduced in volume, applied to 2 thick 
layer plates and eluted with 30% ether/light petroleum. 
Four major bands developed and were removed. However, 
examination of each revealed the absence of the expected 
3-formyl product and the fractions were not further 
characterised. 
Ethyl 4-benzyloxy-2-hydroxy-6-pentylbenzoate (153) 86 
A mixture of ethyl olivetolcarboxylate (5.4 gm), 
benzyl chloride (2.92 gm) and anhydrous potassium carbon-
ate (8.3 gm) in acetone (60 ml) was stirred under reflux 
for 24 hours. The mixture was then diluted with water 
and extracted twice with ethyl acetate. The combined 
organic extract was washed with saturated brine, dried 
(MgS0 4), reduced in volume and chromatographed on a 
silica gel column (Merck 0.05-0.2 mm, 5 x 15 cm) with 
10% ether/light petroleum. Several fractions collected 
contained the required 4-benzyloxy compound (153) (2.0 gm) 
~n<l several contained contaminated (153). The latter were 
reduced in volume, applied to 3 thick layer plates and 
eluted with 20% ether/light petroleum to give further 
product (0.42 gm). Total yield 2.42 gm, 33%. 
b . p . : 116 ° / 1 . 0 mm . 
fo und: C, 73.72; H, 7.49%. c21 H26o4 requires C, 73.66; 
u 
H, 7.66%. 
vmax (liquid film): 1652 (C=O); 1614, 1580 (C=C). 
Amax= 264(E = 13600), 303(5100). 
P.m.r.: o 0.91 (3H, bt, pentyl methyl protons), 1.24-
131 
1.80 (9H, m, ester methyl and pentyl methylene protons), 
2.88 (2H, bt, benzylic protons), 4.41 (2H, q, J = 7.0 Hz, 
ester methylene protons), 5.06 (2H, s, benzyloxy methylene 
pro tons ) , 6 . 4 3 ( 2 H , d , aroma t i c pro tons ) , 7 . 4 2 ( 5 H , s , 
benzyloxy aromatic protons), 12.15 (lH, s, hydroxyl proton). 
Mass spectrum: m/e 342(M+,16%), 297(5), 296(15), 286(10), 
92(8), 91(100), 65(6), with metastable peaks at 256.2, 
239.2, 201.4, 194.6. 
Ethyl 4-benzyloxy-3-formyl-2-hydroxy-6-pentylbenzoate (154) 
(i) A solution of ethyl 4-benzyloxy-2-hydroxy-6-pentyl-
benzoate (153) (1.7 gm) and dichloromethyl methyl ether 
(0.8 ml) in dichloromethane (20 ml) was cooled to 0° and 
a solution of titanium I~ chloride (1.12 ml) in dichloro-
methane (10 ml) was added dropwise over 25 minutes with 
stirring and cooling. The mixture was allowed to warm to 
room temperature and stirring continued for a further 45 
minutes. The mixture was then poured onto an ice/concen-
trated hydrochloric acid mixture, the dichloromethane 
layer separated and the aqueous layer extracted twice 
with chloroform. The combined extract was washed (H 20), 
dried (MgS0 4), reduced in volume, applied to 3 thick 
layer plates and eluted with 15% ether/light petroleum 
to give ethyl 4-benzyloxy-3-formyl-2-hydroxy-6-pentyl-
benzoate (154) (231 mg, 13%) as a yellow oil. 
(ii) A mixture of ethyl 4-benzyloxy-2-hydroxy-6-pentyl-
benzoate (153) (425 mg) and dichloromethyl methyl ether 
LI 
13 2 
(0.19 ml) in dichloromethane (5 ml) was stirred and coo l ed 
to - 2 O O • Tit an i um ~ v) ch 1 or id e ( 0 . 2 8 m 1 ) w a s then added 
and stirring continued for 10 minutes at -20°. The 
mixture was then poured onto an ice/concentrated hydro-
chloric acid mixture and extracted twice with chloroform. 
The combined organic extract was washed (H 20), dried (MgS0 4), 
reduced in volume, applied to a thick layer plate and 
eluted with 10% ether/light petroleum. The maJor products 
were recovered starting material (153) (102 mg) and the 
required 3-formyl compound (154) (218 mg, 62%). 
Ethyl 4-benzyloxy-3-formyl-2-hydroxy-6-pentylbenzoate (154) 
exhibited: 
Found: Mal.wt. 370.1774. c22 H26o5 requires mol.wt. 
370.1780. 
vmax (liquid film): 1726, 1634 (C=O). 
~max= 284(E = 13000), 341(3600). 
P.m.r.: 8 0.87 (3H, bt, pentyl methyl protons), 1.23 -
1.64 (9H, m, ester methyl and pentyl methylene protons), 
2.63 (2H, bt, benzylic protons), 4.40 (2H, q, J = 7.0 Hz , 
ester methylene protons), 5.15 (2H, s, benzyloxy methyl ene 
protons), 6.37 (lH, s, proton 5), 7.42 (SH, s, benzyloxy 
aromatic protons), 10.37 (lH, s, formyl proton), 12.62 
(lH, s, hydroxyl proton). 
Mass spectrum: + ml e 3 7 0 (M , 9 % ) , 3 5 2 ( 7) , 3 2 5 ( 7) , 3 2 4 ( 8) , 
309(6), 308(25), 296(8), 290(7), 280(11), 265(6), 264 (6) , 
263(31), 262(44), 261(9), 252(16), 244(9), 242(6), 24 0(17) , 
235(6), 234(11), 233(17), 224(7), 220(12), 219(52), 216 (11 ), 
206(21), 205(7), 192(6), 191(19), 190(6), 184(7), 180 (6) , 
179(6), 178(22), 177(6), 164(5), 163(8), 151(8), 150(15 ) , 
149 (19), 123(5), 122 (7), 121 (8), 92 (10), 91 (100), 77 (8), 
69(9), 65(12), 57 ( 7), 55(8), 44(5), 43(8), 41(15), with 
metastable peaks at 334.9, 256.2. 
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Lthyl 4-benzyloxy-3-formyl-2-methoxy-6-pentylbenzoat e (155) 
A mixture of ethyl 4-benzyloxy-3-formyl-2-hydro xy-
6-pcntylbenzoate (154) (231 mg), dimethyl sulphate (80 mg) 
and anhydrous potassium carbonate (260 mg) in acetone (1 5 
ml) was stirred under reflux for 14 hours. The reaction 
mixture was then poured into dilute hydrochloric acid and 
extracted several times with ether. The combined ethereal 
extract was washed (H 20), dried (MgS0 4), reduced in volume 
and applied to a thick layer plate and eluted with 20% 
ether/light petroleum to give the 2-methoxy compound (155) 
(143 mg, 59%) as a pale yellow oil. 
Found: Mol.wt. 384.1936. c23H28o5 requires mol. wt. 
384.1937. 
vmax (1 iquid film): 172 7, 1691 (C=O); 1598 (C=C). 
Amax= 268(E = 12200), 323(4200). 
P.m.r.: o 0.90 (3H, bt, pentyl methyl protons), 1.31-
1.75 (9H, m, ester methyl and pentyl methylene protons), 
2.62 (2H, bt, benzylic protons), 3.92 (3H, s, methoxyl 
protons), 4.42 (2H, q, J = 7.0 Hz, ester methylene protons) , 
5.22 (2H, s, benzyloxy methylene protons), 6.74 (l H, s, 
proton 5), 7.46 (SH, bs, benzyloxy aromatic protons ) , 1 0 . 59 
( lH, s, formyl proton). 
Mass spectrum: m/e 385(11%), 384(M+ ,42), 372(5), 355 (16) , 
339(14), 329(5), 328(23), 311(6), 294(6), 293(31), 254 (7) , 
247 (8), 236(21), 235(7), 193(5), 105(6), 92(2 7) , 91(1 00) , 
77(6), 65(15), with metastable peaks at 328.2, 280.2, 
208.2. 
Ethyl 3-formyl-4-hydroxy-2-methoxy-6-pentylbenzoate (156) 
(i) Ethyl 4-benzyloxy-3-formyl-2-methoxy-6-pentylben z-
oate (155) (140 mg) in ethyl acetate (30 ml) was hydrogen-
ated in the presence of 10% Pd/C for 12 hours. The 
catalyst was removed by filtration through celite and the 
filtrate evaporated to yield the crude product (156) as 
a pale yellow oil (105 mg, 98%) which contained one maJor 
product by t.l.c. and p.m.r. The material was used 1n 
the next reaction without further purification. 
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(ii) Ethyl 4-benzyloxy-3-formyl-2-methoxy-6-pentylbenz-
oate (155) (60 mg) in ethyl acetate (20 ml) was hydrogen-
ated in the presence of 10% Pd/C for 8 hours. The catalyst 
was removed by filtration through celite, the filtrate 
reduced in volume, applied to a thick layer plate and 
eluted with 20% ether/light petroleum to give ethyl 3-
formyl-4-hydroxy-2-methoxy-6-pentylbenzoate (156) (9 mg, 
26%) as a colourless oil. 
Found: Mol.wt. 294.1461. c16H22o5 requires Mol. wt. 
294.1467. 
vmax (liquid film): 1732, 1654 (C=O); 1584 (C=C). 
Amax= 223(£ = 14900), 273(12000), 333(2400). 
P.m.r.: o 0.91 (3H, bt, pentyl methyl protons), 1.27-
1.68 (9H, m, ester methyl and pentyl methylene protons), 
2.63 (2H, bt, benzylic protons), 3.97 (3H, s, methoxyl 
protons), 4.43 (2H, q, J = 7.0 Hz, ester methylene protons), 
6.64 (lH, s, proton 5), 10.27 (lH, s, formyl proton), 
11.84 (lH, s, hydroxyl proton). 
+ Mass spectrum: m/e 295(16%), 294(M, 85), 280(5), 279( 11) , 
252(5), 251(6), 250(8), 249(50), 248(8), 247(5), 239(14 ) , 
238(100), 235(5), 234 (5), 233(23), 224(7), 223(7), 222 (5), 
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221(24), 220(8), 219(9), 209(18), 207(5), 206(13), 205(59), 
195(21), 193(6), 192(11), 191(10), 179(10), 178(5), 177 
(12), 175(5), 167(5), 166(35), 165(25), 164(11), 163(8), 
151(6), 150(5), 149(9), 148(6), 147(5), 137(13), 136(5), 
135(7), 134(6), 121(7), 106(5), 105(5), 104(5), 91(8), 
77(8), 65(6), 41(7), with metastable peaks at 264.7, 
194.6, 192.6. 
Ethyl 2-acetyl-4-methoxy-6-pentylbenzofuran-5-carboxylate 
( 15 7) 
Ethyl 3-formyl-4-hydroxy-2-methoxy-6-pentylbenzoate 
(156) (105 mg), chloroacetone (40 mg) and anhydrous 
potassium carbonate (300 mg) in dimethyl formamide (6 ml) 
were stirred overnight at room temperature. The mixture 
was then poured into concentrated brine and extracted 
twice with ether. The combined ethereal extract was 
washed (H 20), dried (MgS0 4), reduced in volume and applied 
to a thick layer plate and eluted with 30% ether/light 
petroleum to give ethyl 2-acetyl-4-methoxy-6-pentylbenzo-
furan-5-carboxylate (157) (46 mg, 39%) as a yellow oil. 
Found: Mel.wt. 332.1626. c19H24o5 requires Mel.wt. 
332.1624. 
vmax (liquid film): 1741, 1688 (C=O); 1621, 1580, 1559 
(C=C). 
Amax 246(£ = 13900), 302 (15800). 
P.m.r.: 6 0.92 (3H, bs, pentyl methyl protons), 1.36-
1.84 (9H, m, ester methyl and pentyl methylene protons), 
2 .62 (3H, s, acetyl protons), 4.18 (3H, s, methoxyl 
protons), 4.47 (2H, q, J = 7.0 Hz, ester methylene protons), 
7 .20 (lH, s, proton 7), 7.74 (lH, s, proton 3). 
Mass spectrum: m/e 333(23%), 332(M+,100),318(6), 289(5 ) , 
u 
I .) (l 
288( tl), ~87(54) , 28 6(5), 285(5 ) , 27 0( 10 ) , 277(6), 276( ~~)) , 
275(7) , 2(l 1 ( 8), 2S7(9 ), 248(7), ?.4 7( 3S) , 245(6) , 244(10 ) , 
243 ( (,8) , 2:~:, (C,), 23 2(5), 231 ( 8), 230(10), 229(8) , 228(5), 
217 ( 1 2) , 216(6), 215(13), 213(6), 204(13 ) , 203(51), 20 1 (8) , 
1~9(8), 187(5), 173(8), 172(6), 167(5), 161 (8) , 15 9(5) , 
149(27), 145(6), 131(5), 129(5), 115(6), 113 (5) , 89( 5) , 
71(7 ) , 69(5), 57(15), 55(7), 43(24), 41(7) with metasta ble 
peaks at 229.4, 205.8. 
The reaction of ethyl 2-isopropenyl-4-methoxy-6 - pentylbcnzo-
furan-7-carboxylate (138) with methyl vinyl ketone 
A mixture of the 2-isopropenyl compound (138) ( 1. 4 
gm) and methyl vinyl ketone (0.6 gm) was refluxed under 
nitrogen in benzene (25 ml) for 4 days, cooled, and treated 
with oxygen for a further 3 days. Half this reaction mi x-
ture was stirred for 12 hours with triethyl phosphite (0.3 5 
gm) and reduced in volume. Exhaustive thick layer chro mat-
ography of this product, using 50% ether/light petroleum 
and then 5% acetone/chloroform as eluent, gave ethyl 9-
acetyl-l-methoxy-6-methyl-3-pentyldibenzofuran-4-carboxyl ate 
(142) (23 mg, 3%), ethyl l-acetyl-9-methoxy-4-methyl-4 -
(2' -oxabut-4' -yl)-7-pentyl-l, 2,3,4-tetrahydrodiben zofur an -
6-carboxylate (144) (56 mg~ 6%), and the isomeric ethyl 
l-acetyl-4-hydroxy-9-methoxy-4-methyl-7-pentyl-1,2,3, 4-
tetrahydrodibenzofuran-6-carboxylate (140A) (18 mg, 2%) 
and (140B) (2 5 mg, 3%) . 
The dibenzofuran (142) exhibited 
m.p. 65-66°. 
i-.;ound : Mal.wt. 396.1943. c24 H28o5 requires mol. wt . 
~ ~) b . l ~) 3 7 . 
L 
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v (CHC1 3): 1710 (C=O). max 
>. max 236(E: = 23500), 248sh(20700), 289(11600), 310sh(7400). 
P.m.r.: o 0.96 (3H, m, pentyl methyl protons), 1.28-1.80 
(9H, m, ester methyl and pentyl methylene protons) [super-
imposed on this was o 1.52, t, J = 7.0 Hz, ester methyl], 
2.57, 2.62 (6H, twos, acetyl and methyl protons), 3.05 
(2H, m, pentyl benzylic protons), 4.02 (3H, s, methoxyl 
protons), 4.54 (2H, q, J = 7.0 Hz, ester methylene protons), 
6.70 (lH, s, proton 2), 7.16 (lH, d, J = 7.5 Hz, proton 7), 
7.32 (lH, d, J = 7.5 Hz, proton 8). 
Mass spectrum: m/e 398(6%), 397(28), 396(M+,100), 382(14), 
381(35), 371(9), 367(7), 357(11), 353(6), 352(6), 351(24), 
341(5), 340(20), 325(11), 312(5), 311(24), 309(5), 307(13), 
281(5), 268(8), 267(29), 195(5), 165(6), 152(5), 43(22), 
41(8) with metastable peaks at 366.6, 311.1, 291.9. 
The ene addition product (144) exhibited 
Found: Mol.wt. 470.02677. c28 H38o6 requires Mol.wt. 
470.2669. 
vmax (CHC1 3): 1710 (C=O). 
>.max : 2 3 6 ( E: = 2 5 3 0 0) , 2 7 5 sh ( 114 0 0) , 2 8 0 ( 119 0 0) . 
P.m.r.: o 0.96 (3H, m, pentyl methyl protons), 1.28-2.30 
(24H, m, acetyl, ester methyl, 4-methyl, -CH 2CH 2COCH 3 , amyl 
methylene and 2,2a,3,3a protons) [superimposed on this were: 
1.37 (s, 4-methyl protons), 2.11, 2.15 (twos, acetyl prot-
ons)], 2.52 (2H, m, CH 2cH2COCH 3 protons), 2.96 (2H, m, 
pentyl benzylic protons), 3.85 (3H, s, methoxyl protons ) , 
3.91 (lH, m, proton 1), 4.45 (2H, q, J = 7.0 Hz, ester 
methylene protons), 6.48 (lH, s, proton 8). 
1ass -pectrum: m/e 471(10%), 470(M+ ,31), 425(5), 399(12), 
1~ 8 
383(5), 382(27), 381(100), 357(5), 356(6), 355(6), 301(5), 
240(5), 239(28), 238(11), 225(5), 149(6), 134(6), 107(6), 
106 (22 ), 91(12), 65(6), 55(6), 43(58), 42(15), 41(13) with 
meta s table peak s at 340.4, 308.9. 
The high Rf isomer of the alcohol (140A) exhibited: 
+ Mass spectrum: m/e 417(5%), 416(M ,18), 400(7), 399(7), 
398(18), 397(7), 396(22), 381(10), 374(6), 373(17), 371(7), 
370(6), 358(6), 357(12), 356(14), 355(49), 354(6), 353(5), 
333(11), 328(6), 327(26), 311(6), 299(13), 269(5), 267(5), 
225(5), 64(6), 55(7), 44(100), 43(62), 42(5), 41(17) with 
metastable peaks at 334.4, 316.6, 286.7. 
The low Rf isomer of the alcohol (140B) exhibited: 
P.m.r.: o 0.96 (3H, m, pentyl methyl protons), 1.29 -2 . 24 
(19H, m, acetyl, methyl, ester methyl, pentyl methylene 
and 2a, 2b, 3a, 3b protons) [superimposed on this were: 
1.66 (s, methyl), 2.16 (s, acetyl)], 2.52 (lH, bs, hydro xyl 
proton), 2.97 (2H, m, pentyl benzylic protons), 3.86 (3H, 
s, methoxyl protons), 3.92 (lH, m, proton 1), 4.46 (2H, q, 
J = 7.0 Hz, ester methylene protons), 6.51 (lH, s, proton 
8) . 
Mass spectrum: m/ e 41 7 ( 11 % ) , 416 ( 3 9) , 401 ( 5) , 3 9 8 ( 1 0) , 
389(12), 374(11), 373(44), 371(12), 357(7), 356(20), 355 
(42), 328(18), 327(76), 300(12), 299(53), 287(8), 283(5), 
271(8), 269(5), 255(5), 243(5), 241(7), 239(5), 227(7), 
226(7), 225(12), 213(9), 211(7), 201(5), 149(18), 141 (5) , 
128(6), 115(7), 111(6), 91(5), 71(9), 69(8), 57(1 7) , 56 ( 5), 
55(14), 45(6), 44 ( 5), 43(100), 42(6), 41(27) with metastabl e 
peaks at 334.4, 286.7. 
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